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Abstract: Nowadays, researchers have found many applications of biochar due to its large surface area, ion and 
water holding capacity, sheltering possibility for microbes beneficial for the plants’ nutrition intake, carbon 
sequestration etc. Among several waste biomass feedstock, agricultural waste is a suitable source of biomass for 
the biochar production. So, in this study, a low cost, modular technology was proposed that can be used at the 
consumer end to produce biochar of satisfactory quality. In this technology, no separate inert gas feed was 
required, thereby lowering the cost and complexity of the system. The reactor was designed in a way that most of 
the oxygen got consumed at the beginning of the process and the residual nitrogen from air maintained a pseudo-
inert environment. As potential feedstock for biochar, rice husk and wood chips were considered in this study. 
Also, to evaluate the quality of produced biochar, proximate analysis and calorific value were measured. The char 
yields were found to be between 20 to 40%. For rice husk (powdered and granular) and wood chips, the volatile 
content (%) were 15.88, 19.69 and 25.47 respectively meaning most of the volatiles were released during 
devolatilization. It was found that biochar can be produced from agricultural waste using this method by farmers 
in the field without any additional equipment, and the pyrolyzer is modular and portable. Finally, the biochar 
could be used for soil replenishment. Further work is ongoing on the char characterization to realize the full 
potential of biochar production from waste biomass. 
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1. Introduction  

  The utilization of biochar as an amendment to 

improve soil health and to protect the environment by 

sequestering carbon has been a catalyst for the recent 

global enthusiasm for advancing biochar production 

technology and its management [1–3]. Pyrolysis of 

biomass produces solid (char), liquid (bio-oil) and 

gaseous fuel [4]. The yields of the three phase 

products will vary with operating parameters. Lower 

process temperature and longer vapor residence time 

favor char formation. Whereas, higher process 

temperature and longer vapor residence time favor 

the formation of liquid products and the moderate 

state of these two parameters is optimal for gaseous 

product formation [5]. The solid product here, as it is 

derived from biomass, is called biochar. Numerous 

researches have been conducted on the use of biochar 

for agronomic and environmental benefits [6]. This 

biochar has been used in various regions of the world 

to improve soil fertility and sequester carbon (C) via 

exploitation of its nutrients, its high C content and the 

refractory nature of the C contained [7–9].  

 

 

 

 

 

 

The initial interest in biochar is to use it as a mean 

to capture carbon dioxide from atmosphere and store 

it in soil in a stable form [8]. In this regard, biochar 

production has been recognized as a carbon negative 

technology [10,11]. However, recent researches have 

suggested that biochar’s effect on reduction of N2O is 

more noteworthy than its contribution to the 

reduction of CO2 [12–14].  

 

The production of biochar is tailored by using 

different feedstocks as precursors and by using 

different conditions to get physical and chemical 

properties required to amend damaged soil [15]. In 

addition, recent studies have shown that biochar can 

be used as an adsorbent to control and remediate 

various contaminants in soil and water systems 

[1,16]. Rapid expansion has been made in the 

application of biochar into areas not previously 

considered, showing a tremendous potential of 

biochar application. 

 

One major area of application is agriculture. With 

the ever-growing population, agriculture aims to meet 

food demands through balanced fertilization, 

selection of plant varieties and adequate agricultural 

engineering. But failure to adopt a well thought out. 
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fertilization plan can entail environmental damage 

[17–19]. Biochar here, is thought to improve soil 

properties through reduce of acidification, decrease 

bulk density, enhance retention and cation exchange 

capacity (CEC) [2,20]. 

  

Rice husk and wood chips were used as 

representative samples of agricultural residue in this 

study. From well-known pyrolysis techniques, the 

biochar yield from rice husk precursor is found to be 

around 30 to 40% [21]. The proximate analysis of 

such biochar gives varying results depending on 

operating conditions. Moisture content is found to be 

varying from 0.67 to 3.57%, volatile from 7.07 to 

76.37%, fixed carbon from 4.37 to 58.12% and ash 

from 16.62 to 33.74% [22]. Similarly, various 

properties of biochar from wood chips could be 

found in literature [23,24]. Although, there have been 

many studies of biochar production from pyrolysis 

tailoring reactor design, pyrolysis conditions, product 

characterization and quality improvement, only a few 

of them are cost effective to be adopted by the rural 

farmers. So, this study aimed at designing a modular 

pyrolyzer which is cost effective and easy to use at 

the consumer end. The biochar produced was also 

characterized thoroughly to evaluate the quality. 

2. Experimental 

2.1. Biomass feedstock 

 

    Rice husk and wood chips were used as feedstock 

for producing biochar in this study. Two types of rice 

husk were used, powdered and granular. 

 

 
   (a)                                                                                                    (b) 

 
Fig. 1: (a) Schematic diagram of the modular pyrolyzer, (b) Geometric detail of the inner container of the modular pyrolyzer 

 

2.2. Modular pyrolyzer 

 

    The modular pyrolyzer consisted of two metallic 

cylindrical containers which is showed in Fig. 1(a). 

The outer one had several (10-15) air inlet holes in its 

surface which were evenly spaced. These holes 

provided pathways for air to reach the combustion 

zone. The inner one which contained feedstock, was 

implanted inside the outer one. It remained closed 

during the whole process. It was raised to a higher 

position by a metallic lifting support so that it 

provides a vicinity for the combustion process to 

occur to provide heat for the pyrolysis. It also 

enabled to provide uniform heating around the inner 

cylinder for the pyrolysis process to occur 

completely. 

 

    The reactor was designed in a way that most of the 

oxygen get consumed at the beginning of the process 

which was combustion and the residual nitrogen from 

air could maintain a pseudo-inert environment. Fig. 

1(b) shows the geometric detail of the inner 

container. There was a hollow vertical duct inside it. 

The ground surface of the inner container within the 
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duct was perforated with several (5-10) smaller holes. 

These pathways released the volatiles to the 

combustion zone for burning to provide additional 

heat for the pyrolysis. The pyrolysis zone remained 

partitioned from the combustion zone and the duct. 

Both the containers along with the hollow duct 

constructed a concentric system. 

 

2.3. Experimental procedure 

 

     Around 500-1000 g sample of biomass was fed 

into the inner container of the pyrolyzer for each 

experimental run. Before starting the combustion 

process, the space under the inner container and 

around it was loaded with wood blocks. Around 2.5 

kg of wood blocks were combusted. Around 175 mL 

of kerosene was used to facilitate the combustion 

process. The air inlet holes provided air for the 

combustion. It took around 1 hour to complete the 

burning process and 2 hours to completely convert 

the sample of biomass to biochar. Then, it was 

collected and the mass was measured to determine its 

yield. Later, it was analyzed for characterization 

which is discussed following. 

 

2.4. Characterization of biochar 

 

2.4.1 Proximate analysis 

 

      Proximate analysis was carried out using muffle 

furnace (Nabertherm, Germany), ranging temperature 

of 30-3000˚C. Volatile matter and ash contents were 

measured in accordance with standard ASTM 

methods (ASTM E872 and ASTM E1755, 

respectively). Biochar samples of around 1 g were 

heated in porcelain crucibles and the weight 

differences of the samples before and after heating 

were determined. Moisture content was measured 

using a moisture analyzer (Model MA 110.R, 

RADWAG Wagi Elektroniczne, Poland). The fixed 

carbon content was determined by difference. 

 

2.4.2. Higher heating value 

 

     The HHV of biochar was measured in an oxygen 

bomb calorimeter (Parr Instrument Company, 

Moline, Illinois, USA) according to the ASTM 

D2015. Approximately, 1 g of sample was weighed 

for analysis and the calorimeter was charged with 

oxygen having a consistent pressure between 20 and 

25 atm. 

 

2.5. Heat loss estimation 

 

    Convection and radiation heat transfer contributed 

significantly to the heat loss from the pyrolyzer. Heat 

loss was estimated assuming natural/mixed boundary 

condition (fire temperature is not equal to the gas 

temperature). The major pathways of heat loss which 

is shown in Fig. 2 were- 

 

 

 
Fig. 2: Flow paths of lost heat 

 

 

1- From the fire to the outer cylinder surface 

by both radiation and convection 

2- From the inner cylinder surface to the outer 

cylinder surface by radiation 

3- Convection from inner cylinder surface to 

pores/ambient 

4- Convection through gas to outer cylinder 

surface after fire extinguished 

5- Radiation from vertical duct to inner 

cylinder surface 

 

Convection and radiation heat loss was calculated 

using the following equations. 

 

Qconv = hA(Tin - Tout )                                               (1) 

Qrad = εσA(Tin
4 - Tout

4)                                             (2) 

 

Heat transfer coefficient was calculated by Nusselt 

number using the following empirical correlation for 

free convection. 

 

Nu = C(GrPr)m                                                        (3) 

 

Where, the values of the constants C and m were 

estimated from Gr and Pr. The physical properties 

used in the calculation were collected from relevant 

study [25] and correlation chart [26]. 

3. Results and discussion 

3.1. Yield of biochar 

 

    The mass loss or yield of char is an indication 
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Table 1  

Yield data of biochar samples produced from biomass feedstock 

Sample type Feed (g) Mass of Char (g) Char yield (mass %)  

Wood chips 675 145.00 22.00 

Rice husk (Granular) 1000 357.50 35.75 

Rice husk (powdered) 1000 325.00 32.50 

 

Table 2 

Proximate Analysis data of biochar samples produced from biomass feedstock 

Sample type Volatile 

(wt.%) 

 Moisture 

(wt.%) 

Fixed carbon     

(wt.%) 

Ash (wt.%) 

Wood chips 25.47 6.99 63.78 3.76 

Rice husk 

(Granular) 

19.69 7.45 29.79 43.07 

Rice husk 

(powdered) 

15.88 6.89 75.09 2.13 

 

of the decomposition and volatilization of material in 

a sample [27]. The yields of pyrolysis product (solid 

char) from the slow pyrolysis of rice husk and wood 

chips are shown in Table 1. It could be seen that the 

yield for wood chips is 22% and the yield for rice 

husk is between 30% and 40%, which is in agreement 

with literature findings [21, 23]. It was observed that 

char yield from rice husk is higher than that of wood 

chips. This might be due to the fact that there is 

higher ash content and low volatile matter content in 

rice husk than in wood chips [28]. 

 

3.2. Proximate analysis and heating value 

 

     Table 2 shows the results of proximate analysis 

for biochar samples of wood chips and rice husk. It 

was found from literature that volatile matter content 

of feedstock of wood chips and granular rice husk 

were 77.3% and 56% respectively [29, 28]. The 

volatile matter content of powdered rice husk would 

be slightly different because it was obtained from 

boiled paddy. It can be seen from Table 2 that 

volatile contents for all the char samples varied 

between 15% and 26% meaning most of the volatiles 

were released during devolatilization. The proximate 

analysis of the char produced showed good 

agreement with the literature. Lower moisture content 

and lower ash content of biochar from wood chips 

and powdered rice husk lead to greater value of fixed 

carbon indicating good quality of those char samples. 

 

      The ash content of granular rice husk char is 

43.07 %, which is high indicating that it might be 

good for soil replenishment by increasing nutrient 

retention in soil [30]. A possible reason of ash 

content being significantly lower for powdered rice 

husk than for granular rice husk is that the powdered 

one was obtained from boiled paddy and most of the 

inorganics might have been leached away. This is 

also evident in the measured heating values which is  

 

shown in Table 3. The HHV of char from wood chips 

is greater than that of granular rice husk. Also, it can 

be observed that the HHV of char is more than that of 

raw biomass as expected. 
 

Table 3 

HHV data of raw biomass and char 

Sample type HHV of 

raw 

biomass 

(MJkg-1) 

HHV of 

char 

(MJkg-1) 

Wood chips 18.46 27.55 

Rice husk 

(Granular) 

13.57 17.95 

 

3.3. Heat loss and cost analysis of the pyrolyzer 

 

Heat loss from the pyrolyzer during the pyrolysis 

process was estimated to assess the energy 

consumption efficiency of the pyrolyzer. Heat energy 

was supplied to it mainly by combustion of biomass. 

Since the combustion zone of the pyrolyzer was 

partially open to the atmosphere, it was subjected to 

significant amount of heat loss. Various losses were 

estimated by utilizing Eq. (1) to Eq. (3). Heat input to 

the pyrolyzer was estimated using the heat of 

combustion of wood and kerosene. The total heat loss 

was found to be 76.54%, which is high as anticipated. 

The pyrolyzer provided enough heat for biomass 

conversion although it lost heat significantly. 

The proposed pyrolyzer is portable and the 

probable users (i.e., farmers) would be able to use it 

without any additional cost or equipment for 

amending the soil. The biochar produced from this 

pyrolyzer can be a substitute for soil amendment. 

Table 4 shows the item-wise costing of the pyrolyzer. 

The fixed cost of the pyrolyzer was approximately 

1650 BDT (19.55 USD). To produce 1 kg of biochar, 
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the operating cost was found to be around 30 BDT 

(0.36 USD), which includes only the cost of 

kerosene. This means, the pyrolyzer is cheap and 

affordable. It provides an effective mean to the 

farmers to improve the soil quality, making it nutrient 

rich and suitable for production. 
 

Table 4 

Item-wise costing of the pyrolyzer 

Item Cost (BDT(USD)) 

Outer cylinder 800 (9.60) 

Inner cylinder 

Lifting support                     

600 (7.20) 

250 (3.00) 

Total cost 1650 (19.55) 

4. Conclusion 

There is a general issue with mass production of 

biochar at the consumer end at a low cost. Creating 

an inert environment is often not straightforward. In 

the current work, a modular pyrolyzer was introduced 

which can create the inert environment required for 

biomass conversion at a very low cost which is 

feasible for modular scale implementation. Also, the 

produced biochar showed similar qualities as the 

biochar prepared from conventional and expensive 

methods for water holding and soil enrichment 

properties.  

 

Further research is being carried out to study all 

the properties of the biochar made and to improve the 

modular pyrolyzer design for better yield and energy 

efficiency.  
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Nomenclature 

HHV           Higher heating value 

h                  Convection heat transfer coefficient 

A                 Area of heat transfer 

Tin                        Inlet temperature 

Tout                      Outlet temperature 

Qconv                   Convection heat loss 

Qrad               Radiation heat loss 

Nu                Nusselt number 

Gr                Grashof number 

Pr                 Prandtl number 

Greek letters 

ε                     Emissivity of the surface 
σ                     Stefan–Boltzmann constant 
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