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Introduction

As the world shifts toward renewable energy and sustainable
waste management, thermochemical conversion has
emerged as a vital process for converting organic materials—
such as biomass, agricultural residues, and municipal solid
waste—into usable forms of energy and valuable products.
This method utilizes high temperatures and controlled
environments to break down carbon-rich feedstocks into gases,
oils, and char. Thermochemical conversion not only provides
a pathway to clean fuels and chemicals but also plays a critical
role in reducing waste volumes and greenhouse gas emissions.
By leveraging heat instead of biological means, this approach
offers faster and more versatile conversion technologies suited
for large-scale applications.Thermochemical conversion
refers to a set of high-temperature processes that decompose
organic materials through chemical reactions involving heat,
and often limited oxygen or catalysts. The resulting products
can be used for:Electricity and heat generationBiofuel
production (syngas, bio-oil)Chemical feedstocksChar and
biochar for soil improvementUnlike biochemical conversion,
which relies on microbial activity (e.g., fermentation,
anaerobic digestion), thermochemical methods offer faster
processing times and can handle a wider variety of feedstocks,
including lignocellulosic biomass and contaminated waste.

Complete oxidation of biomass in the presence of excess
oxygen.Heat, carbon dioxide (CO2), and water.Direct heating
or electricity generation in boilers and turbines.Less efficient
for energy conversion; high emissions if not properly managed.
Partial oxidation of biomass at high temperatures (700—
1,200°C) with limited oxygen or air.Syngas (CO, H, CHa),
which can be used for power, hydrogen, or synthetic fuels.
Power generation, chemical synthesis, hydrogen production.
High energy efficiency and lower emissions compared to
combustion.

Thermal decomposition in the absence of oxygen (typically
300-600°C).Bio-oil, syngas, and biochar.Liquid fuels, soil
amendment, carbon sequestration.Fast pyrolysis (for bio-oil)
and slow pyrolysis (for biochar).Conversion of wet biomass
under moderate heat and pressure in a water-rich environment.
Hydrochar, a coal-like substance; also generates gases and
liquids.Fuel production, soil conditioner.Can handle high-
moisture content feedstocks without prior drying.

Rapid conversion compared to biological methods.Handles a
wide range of materials, including dry, wet, and contaminated
waste.Particularly with gasification and pyrolysis.Offers
flexibility in outputs (gas, oil, char).Decreases volume of
organic and municipal waste going to landfills.Advanced
reactors and cleanup systems are expensive.Requires
stringent control of pollutants like tar, NOx, and particulate
matter.Moisture content and composition affect process
efficiency.Some technologies (e.g., HTC) are still at pilot or
demonstration stages.

Use gasification or combustion for renewable electricity.
Convert MSW to syngas or heat via gasification and
pyrolysis.Produce bio-oil from crop residues for transport
fuel alternatives.Use biochar from pyrolysis to enhance soil
fertility and lock carbon.

Conclusion

Thermochemical conversion offers a powerful and flexible
set of tools to convert biomass and waste into energy, fuels,
and materials. Its ability to handle diverse feedstocks, produce
high-energy outputs, and integrate with circular economy
practices makes it a cornerstone of future sustainable energy
systems. While technical and economic barriers remain,
continued research, innovation, and supportive policies will
further enhance its role in reducing dependence on fossil fuels
and promoting environmental resilience.
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