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Biochar Production from Cotton Stalks 

Introduction 

  The management and disposal of crop residues left in the field after harvesting is a significant challenge across various 

agricultural sectors. In many countries, residue burning is commonly practiced as a consequence, resulting in nutrient 

loss, soil degradation and increase in CO₂ emissions into the atmosphere, which contributes to air pollution (Kranti & 

Kranti,2023). Crop residue burning is a significant source of greenhouse gases (GHGs) such as CH₂, CO and N₂O 

along with other hydrocarbons. It also releases a large amount of particulate matter consisting of a wide range of organic 

and inorganic compounds (NPMCR, Government of India, 2014). Instead of burning those residues, farmers can utilize 

them as feedstock for biochar, biogas, ethanol, or other biofuels production. Biochar is a cost-effective material for 

challenging the world's issues like global climate change mitigation, reducing the emissions of greenhouse gases to 

minimize the global warming potential by improving soil quality and promoting the food safety. 

1.1 What is Biochar? 

Biochar is a fine-grained, carbon-rich, porous charcoal produced by heating organic matter (biomass) in a low-oxygen 

environment-a process known as pyrolysis (Amonette and Joseph, 2009). Due to multiple high value benefits for soil, 

crops, environment and climate biochar is also known as "Black Gold" of agriculture. This form of biochar comprises 

highly stable aromatic fixed carbon (80-95%), differing significantly in chemical properties from biomass, yet sharing 

similar physical attributes, featuring structured (S), tubular or through (T) and restricted (R) micro and mesopores. 

Biochar improves soil fertility, retains moisture, enhances microbial activity and sequesters carbon, making it a 

valuable tool for regenerative agriculture and climate change mitigation. 

Biochar has a porous structure that can serve as a habitat for beneficial microorganisms and help retain nutrients in the 

soil, reducing leaching and enhancing nutrient uptake by cotton plants. Incorporating biochar into soil can enhance soil 

structure, improve water retention, and increase nutrient availability, which can be particularly beneficial in calcareous 

soils where water holding capacity and nutrient availability might be limited.  

1.2 What is pyrolysis? 

1) The process where organic material is heated in an environment with little or no oxygen called as pyrolysis. 

2) Pyrolysis is the thermo-chemical conversion or decomposition of organic material /biomass into simpler chemical 

compounds. 

3) Heating of biomass in an environment where cellulose & lignin are broken down from long to short carbon 

structure. 

Pyrolysis process occurs in three main stages 

Drying stage: Moisture and some light volatile compounds are removed from the biomass when it is heated. 

Decomposition stage: The untreated biomass breaks down into volatile compounds, gases and biochar due to 

thermal degradation. 

Biochar formation stage: A slow chemical rearrangement of the remaining material occurs, leading to the 

formation and stabilization of biochar.  

Pyrolysis process to be carried out normally between 300–700 °C  

(Avoid temperature above 700 °C, as the biochar may further degrade and turn into ash). 
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Biochar Production from Cotton Stalks 

Properties of Biochar 

Surface area: Biochar generally has a large specific surface area which depends on the pyrolysis temperature and 

the biomass. Increasing pyrolysis temperature typically increases surface area of biochar due to decomposition of 

cellulose and hemicellulose and the formation of micro pores during the pyrolysis. 

Porosity: Biochar produced from bamboo biomass has high porosity, with longitudinal pores ranging from micro 

to macro pores i.e., 10-200 µm. The pore structure also facilitates the retention of nutrients and water, making 

biochar an effective soil conditioner.  

Aromatic Carbon Structure: Biochar prepared at high temperatures (600–700 °C) leads to the formation of stable 

rings like aromatic carbon structure due to formation of micro pores and the degree of organic matter decomposition. 

Functional Groups: The evaporation of moisture during pyrolysis process results in breakage of bonds and 

formation of various functional groups like hydroperoxide, -COOH and –CO. Slow pyrolysis biochar contains labile 

hydroxyl, carbonyl and carboxyl groups while fast pyrolysis biochar contains ethers and quinines groups. 

Volatile Matter: Increased in the pyrolysis temperature decreased the volatile matter content in biochar due to the 

cracking of volatile fractions into low-molecular-weight liquids and gases. 

pH: Due to the formation of carbonates and inorganic alkali group biochar has alkaline pH nature. Higher amount 

of carboxyl groups in the biochar makes alkalization of acidic groups to the conjugated bases which resulted in 

more alkaline pH. 

Cation Exchange Capacity: Biochar has high CEC due to high content of ash in biomass. The decrease in CEC is 

due to formation of aromatic carbon and the removal of surface functional groups and increasing pyrolysis 

temperature. 

Ash and Carbon Content: Increase in pyrolysis temperature increases the ash contents from 5.7 to 18.7% and the 

carbon content from 62.2 to 92.4% due to the higher degree of polymerization and higher lignin content in the plant 

biomass. 

Factors Influencing Biochar Properties 

Feedstock Type:  Different feedstock (wood, agricultural residues, manure etc.) contain varying levels of lignin, 

cellulose, and hemicellulose, which affect the thermal degradation process and the resulting biochar properties. 

Moisture Content: High moisture content in the feedstock can lower the efficiency of the pyrolysis process and 

affect the quality of the biochar produced. 

Heating Rate:  Faster heating rates can lead to a more fragmented and less stable biochar structure, while slower 

heating rates promote a more ordered and stable structure. 

Chemical Composition of Biochar 

Biochar exhibits higher amount of total and organic carbon, optimum concentrations of micro and macro nutrients 

like N, P, K, Na, Mg, Ca, Cu, Zn etc. Biochar prepared from hardwood biomass contains 9.86% ash, 53.96% 

carbon, 1.83% hydrogen 1.24% nitrogen and 42.98% oxygen. Higher contents of P (4.3 g/kg), K (9.9 

g/kg) and Mg (2.8 g/kg) were observed in the biochar produced at 500°C, while maximum contents of carbon 

(73.6%) and nitrogen (1.9%) were observed in biochar produced at 400 °C (Saletnik et al., 2016). 
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Typical average nutrient content per 1 kg of biochar  

N: 0.2–0.8% → 2–8 g/kg 

 P₂O₂:  0.1–0.4% → 1–4 g/kg  

 K₂O: 0.5–2.5% → 5–25 g/kg 

 C: 60–80% → 600–800 g/kg 

This nutrient concentration is mainly varied with pyrolysis temperature and feedstock (biomass) 

 Biomass/ feedstocks materials used for biochar production  

Crop residue remaining after the harvest or any organic biomass can be used for conversion into biochar. The 

primary sources of biomass used for biochar production include agricultural wastes (such as maize cobs, corn stalks, 

wheat straw, rice straw, and cotton stalks (Prabha et al., 2015), wood biomass, municipal waste, animal waste, and 

other organic materials. 

Each feedstock type imparts distinct chemical and physical properties to the resultant biochar. Various research 

studies have found that feedstock from different sources as well as pyrolysis temperature shows variation in 

different physicochemical properties of biochar (Sohi, 2012). 

The biomass used to produce biochar must be sustainable and renewable. Most of the feedstocks are moist with 95 

% moisture by weight. 

 Biomass containing more than 30% moisture must be dried before pyrolysis, as high moisture content reduces 

thermal efficiency and affects the quality of the resulting biochar (Ha and Lee, 2020). 

Hardwood feedstock materials such as eucalyptus, bamboo, and nut shells (e.g., coconut shell) generally produce 

higher biochar yield and fixed carbon content due to their high lignin composition, which converts into stable 

aromatic carbon structures during pyrolysis. 

Low-density biomass like rice husk, wheat straw, corn cobs have low lignin content, high volatile matter and higher 

cellulose so it burns more carbon as volatilisation losses during pyrolysis, leading to lower biochar recovery, which 

resulted to biochar with low fixed carbon and high ash content. 

In general, biochar produced from high-lignin, woody or fibrous materials have the highest organic carbon content 

and the most stable carbon structures. 

Here we will consider cotton stalks as a biomass because cotton stalks serve as an excellent source of feedstock for 

biochar production (Kranti & Kranti, 2023) which content fixed carbon ranges from 41.15% to 47.05% (Venkatesh 

et al., 2013). 

Biochar derived from cotton residues exhibits alkaline properties (pH 8.0-9.0) with high surface area (150-300 m2 

g-1), moderate water retention capacity (50-60%) and low bulk density (Kranti & Kranti, 2023). 
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Cotton biomass for biochar production 

In cotton-growing areas, after harvesting an estimated 3-5 metric tons of cotton biomass residue per hectare is left 

in the field. The left-over stalks are either uprooted or cut above ground level. Depending on their thickness these 

stalks should be grouped into different batches. (Fig 1 & 2) 

 These residues are rich in lignin (15-30%) decomposes slowly-taking 5 to 20 months under natural conditions. 

Additionally, in the off-season, it can serve as a habitat for bollworms, increasing the risk of pest infestations in 

subsequent crops. Thus, converting this biomass into biochar through pyrolysis is viable solution to make waste 

management more effective and to reduce residual pest infestation (Kranti & Kranti, 2023). 

When cotton stalks are pyrolyzed at 350-400°C, about 20.4 to 46.5% recovery is obtained, which means that 1 tone 

of dry cotton stalks typically produces about 200 to 465 kg of biochar by weight which could contain approximately 

130 to 302 kg of carbon. Reasonably it can be assumed that converting one ton of cotton stalks into biochar could 

sequester approximately 500 to 1000 kg CO₂. 

Methods biochar production  

After cotton harvesting at ICAR–CICR, Nagpur, the cotton stalks were collected and left in the field for natural 

drying in order to reduce their moisture content. Once adequately dried, the stalks were separated into root and stem 

portions and tied into bundles for further processing. Biochar was produced from different cotton stalk residues, 

including root biomass, stalk biomass, and middle stem biomass. The production of biochar was carried out using 

different pyrolysis methods such as the cone-pit open earth kiln, Kon-Tiki kiln, and a furnace pyrolysis machine. 

These methods were adopted with the objective of reducing crop residue burning, enhancing carbon retention in 

the biomass and minimizing ash content in the produced biochar. 

1) Open Earth -Cone-Pit kiln  

2) Kon Tiki method 

3) Furnace pyrolysis machine method 

Open Earth -Cone-Pit kiln :  A low-cost technology for biochar production 

The soil cone pit method of biochar, originally invented by our ancestors over 2,500 years ago and was modified 

by a young American agriculturist, Mr. Josiah Hunt in 2008. It is a traditional method of biochar production used 

by ancient farmers for converting biomass into biochar under limited oxygen conditions without any additional 

cost, machinery and infrastructure. 

Dig a conical pit in the ground with dimensions of 2 meters in diameter and 1.5 meters deep. 

 The pit should look like an English 'V' (v) or ice cream cone shape (Fig 3) which makes it easier to add biomass 

continuously at the bottom and to enhances the pyrolysis efficiency. 

Site selection for setting up a cone pit  

Location 

 Avoid areas near buildings, trees, steep slopes, rocks, or water bodies.  Maintain a distance of 20–30 meter from 

water sources and avoid windy areas. Choose a well-drained, unused portion of a field. (Ensure that the pit should 

be completely dry before the biochar production process) 
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Materials required (Fig 4) 

Dried cotton stalks or branches exceeding 500 kg to 1000 kg. 

Shovel, spade or any other digging tool. 

Measurement tape for digging of cone pit. 

Match box to ignite fire. 

Water drum, bucket/mug or pipe for quenching. 

Steps for biochar production by cone pit method (As presented in the images below) 

1. Dry cotton biomass collection after harvesting 

 Air-dry uprooted cotton stalks and roots for 2 weeks. Heap them 20–30 meter from the pit.  

Avoid green or wet biomass, which increases smoke and reduces yield.  

2. Ignite Chimney 

 Create a small chimney (25–30 cm height) at the bottom of the pit and ignite from the top. 

 The chimney should be ignited with light-density biomass like dry leaves, straw, or small twigs that catches fire easily.  

3. Layering 

 Heating of biomass of short size (30-45 cm) with subsequent layering until the pit is 75% full (This takes ~30–45 

minutes) 

First layer 

Allow the chimney to initiate pyrolysis, once red-hot char or ash appears, slowly adding the first layer of stalks, one 

by one, around the perimeter of the pit next to the chimney.  

Second layer 

 Keep adding stalks continuously until the second layer reaches a thickness of approximately 20 cm and fully covers 

the first layer. Repeat the process of adding biomass layers above the lower layer in the pit until it is completely filled. 

By the third layer you will find a deep, hot bed of biochar. 

4. Quenching 

 When the top stems turn red and a layer of ash settles around them, at this point, sprinkle water or soil (if water is not 

available) on the smoke to extinguish the fire and halt combustion. Avoid over wetting, which affects next batch of 

production.  

5. Cooling Drying and Storage 

 Let the pit cool overnight. Scooping the biochar from pit, crush it (<10 mm) with moist conditions, sun-dry for 2 days, 

and store for soil application. 

Safety measures 

1. Line the perimeter with stones to prevent access by children or animals.  

2. Wet the surrounding area to prevent fire spread. 

3.  Wear protective clothing, gloves, masks, and safety goggles to prevent burns and inhalation of smoke or dust. 

 




