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Introduction

In a world grappling with climate change, soil erosion,
and overflowing landfills, a humble but revolutionary
material is on the verge of becoming a symbol of hope:
biochar. Often referred to as “black gold,” this
charcoal-like material converts organic waste into an
incredible tool for sustainability. In India, where
agriculture supports millions and waste management
is an urgent issue, biochar may unlock a sustainable,

greener future.

Fig. 1: Biochar

What is Biochar?

Biochar is a high-carbon product produced through
pyrolysis, a process that burns organic material such as
crop waste, wood chips, or municipal waste at high
temperatures (300-700 °C) with low oxygen. This inhibits
full combustion, trapping carbon in a stable state that can
remain in soils for hundreds to thousands of years
(Lehmann & Joseph, 2015). In contrast to ash from
incineration, biochar maintains a porous state, and as
such, it is a valuable tool for managing the environment. It
sequesters carbon, improves soil fertility, and converts
waste into something useful, and these aspects make it a
pillar of sustainable innovation.

Background and Importance of Biochar

The idea of biochar has been around for centuries.
Amazonian Indians made terra preta-productive
“dark earths” by blending charcoal with rubbish,
resulting in soils that are still fertile today (Glaser et
al, 2001). Contemporary science is reversing this
long-lost practice to solve urgent global issues:
global warming, food security, and waste disposal.

Biochar is significant in that it has multiple values:

eCarbon Sequestration: It locks carbon in soil,
preventing CO, release. One ton of biochar can
sequester up to 3 tons of CO, (Lehmann, 2007).

Soil Health: Its porous structure boosts nutrient
retention, balances pH, and fosters microbial
activity, increasing crop yields by 10-20% in
degraded soils (Jeffery et al.,, 2017).

Waste Reduction: It recycles agricultural and
urban waste as a valuable resource, lowering the
pressure on landfills and air emissions resulting

from crop residue burning.

Water Purification: Biochar sieves out impurities
and heavy metals, providing a cost-effective means
for clean water (Mohan et al.,, 2014).

In India, where air pollution is caused by crop
residue burning and soil degradation is present in
30% of arable land, biochar provides a green future
ahead (Munda et al., 2016).
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Types of Biochar

Biochar's characteristics depend on its feedstock the
organic material subjected to pyrolysis. This makes it
responsive to local requirements. Some common

varieties are:

Rice Husk Biochar: Silica-rich, improving soil
aeration and nutrient cation exchange, suitable for
waterlogged paddy fields which are widespread in
India (Libra etal, 2011).

Corn Cob Biochar: Its permeability keeps it moist,
benefitting crops in arid areas such as Maharashtra
(Yuan et al,, 2011).

Poultry Litter Biochar: High in phosphorus and
nitrogen, it rejuvenates poor nutrient soils, favoring

smallholder farmers.

Bamboo Biochar: High surface area and renewable

source, it provides long-term soil improvement.

Prosopis juliflora Biochar: Produced from an
invasive Indian shrub, it regulates its spread while

improving soils.

Urban Waste Biochar: Treated sewage sludge or
food waste can be used to produce biochar, generating

a circular economy (Inyang et al.,, 2016).

Different Production Methods

Biochar production uses pyrolysis, but methods differ
depending on scale, energy requirements, and
feedstock. Important methods are:

Traditional Kilns: Applied in small-scale situations,
these basic earthen or metallic kilns (i.e., pit or drum
kilns) are inexpensive but less effective, with possible
emissions if not properly controlled (Lehmann &
Joseph, 2024). They are prevalent in rural India and

appropriate for smallholder farmers.

Retort Systems: These enclosed rooms enhance
effectiveness and minimize emissions by recycling
gases for energy generation. They're best suited to

community-level production (Libra et al,, 2011).

- Continuous Pyrolysis Units: Industrial systems process
vast amounts of feedstock to generate uniform biochar
with regulated properties. They're energy-dense but
appropriate for urban waste management (Mohan et al,
2014).

- Gasification: A type that generates biochar in addition to
syngas, which can fuel the process. It’s effective but needs
sophisticated infrastructure (Woolf et al., 2010).

Hydrothermal Carbonization (HTC): Processes wet
biomass (such as sewage sludge) at high pressure and
lower temperatures (180-250 °C), resulting in a biochar-
like product known as hydrochar (Libra et al.,, 2011). HTC
holds good promise for urban waste in India.

All the methods strike a balance between cost, scale, and
environmental consideration, with conventional Kkilns
being available for use in rural areas and continuous units
matching industry requirements.
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Fig. 2: Biochar production methods and applications

Applications in Agriculture and Forestry

The uses of biochar in agriculture and forestry are
revolutionary, especially in India's diverse landscape:

Agriculture: Biochar improves soil quality by
holding nutrients and water, minimizing fertilizer
requirements by 30% (Jeffery et al, 2017). In rice-
wheat production systems, rice husk biochar increases
yields by 10-15% (Munda et al, 2016). It also
prevents soil acidity, which is prevalent in India's red
and lateritic soils.

Forestry: Biochar enhances soil quality in
degraded forests, enhancing tree growth and carbon
storage. For agroforestry, bamboo biochar adds
structure to soil and favors rapid-growing species

such as eucalyptus.

Catalyst
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+ Crop Residue Management: Converting residues such as
sugarcane bagasse into biochar helps eliminate burning,
lowering air pollution and recycling nutrients to the soil
(Mohan et al.,, 2014).

- Water Management: In drought conditions, moisture
retention from corn cob biochar benefits crops such as
millets, while in areas of flooding, rice husk biochar
enhances drainage (Yuan et al.,, 2011).
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Fig. 3: Various uses of Biochar
(Source : https://old.biochar-industry.com/biochar/)

Limitations

Despite its potential, biochar has challenges:

Energy and Cost: Pyrolysis uses energy, and
industrial equipment can be costly, restricting uptake
in rural India.

- Variable Quality: Biochar’s effectiveness depends on
feedstock and production conditions. Poorly made
biochar may release pollutants or fail to deliver
benefits (Libra et al., 2011).

- Knowledge Gaps: Farmers need training to apply
biochar effectively, as overuse can disrupt soil balance.

- Scale-Up Barriers: There are no infrastructure and
policy incentives to support large-scale uptake.
Subsidies and program inclusion in initiatives such as
India's Soil Health Card scheme would be beneficial.

- Environmental Risks: Kilns with poor efficiency can
release greenhouse gases or volatile compounds if not
carefully controlled.

Case Studies

1. Tamil Nadu Rice Farmers: Farmers in Thanjavur
applied rice husk biochar in paddy fields, which
enhanced yields by 12% and cut fertilizer consumption
by 25%. The biochar, manufactured in local Kilns,
enhanced the capacity of the soil to hold water,
important for rain-fed lands (Munda et al.,, 2016).

2. Gujarat Prosopis Management: In Kutch, a
community initiative transformed Prosopis juliflora to
biochar, managing its infestation while fertilizing
degraded soils. Maize yields increased by 15%, and
local employment was created.

3.  Punjab Residue Management: A Ludhiana pilot
converted wheat straw to biochar with retort systems,
minimizing stubble burning and enhancing the soil
carbon stock. Farmers saw a 10% rise in wheat yield
(Mohan et al,, 2014).

4. Bengaluru's Urban Waste: A company utilized
hydrothermal carbonization to transform food waste
into biochar, which they sold to surrounding farms. It
cut landfill waste by 20% in a pilot zone and increased
vegetable crops (Inyang et al., 2016).

Conclusion

Biochar isn’t just a material it’s a vision for a sustainable
future. For India, it's a chance to transform agriculture,
clean up cities, and combat climate change. By investing
in research, subsidizing pyrolysis units, and training
farmers, India can lead the global biochar revolution.
Imagine fields bursting with crops, air free of smog, and
carbon locked away for centuries. Biochar turns waste
into wonder, one handful at a time.
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