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DESCRIPTION

Biochemical grounded in the remarkable

capabilities of microorganisms to transform complex organic

conversion is

matter into energy-rich compounds. These processes rely on
enzymatic or microbial activity to break down biomass into
simpler forms, which can then be converted into fuels such as
ethanol, biogas, or hydrogen. Fermentation is one of the most
familiar biochemical pathways. In this process, microorganisms
like yeast metabolize carbohydrates present in biomass to
produce ethanol and other biofuels.

The efficiency of fermentation depends on several factors: the
the biomass, the choice of
microorganisms, and  operational conditions such as
temperature, pH and nutrient availability. One of the major
challenges is the resistance of cellulose biomass which contains
cellulose, hemicellulose, and lignin to microbial breakdown.
Overcoming this requires pre-treatment methods such as acid

chemical composition of

hydrolysis, enzymatic hydrolysis, or mechanical disruption to
make the carbohydrates more accessible. Advances in
biotechnology, including genetically modified microbes and
optimized enzyme cocktails, are steadily improving the efficiency
and scope of biochemical conversions, making it possible to
produce fuels from a broader range of supplies.

Anaerobic digestion is another key biochemical process,
particularly for producing biogas a mixture of methane and
carbon dioxide. This process occurs when a consortium of
microorganisms decomposes organic matter in the absence of
oxygen. It proceeds in multiple stages, starting with hydrolysis,
where complex molecules like proteins and carbohydrates are
broken down into simpler units. This is followed by acidogenesis
and acetogenesis, eventually leading to methanogenesis, in which
methane-producing microorganisms convert intermediates into
biogas. Anaerobic digestion is especially suited for wet biomass,
including food waste, sewage sludge, and agricultural residues.
The biogas produced can be used directly for heat and electricity
or upgraded into biomethane for transportation or injection
into natural gas grids. Additionally, the effluent left after the

process serves as a nutrientrich fertilizer, further enhancing the

temperature, pH, and retention time must be carefully controlled
to maximize microbial activity and gas yields.

Thermochemical conversion, in contrast, relies on heat, often in
combination with chemical reactions, to transform biomass into
fuels or other energyrich products. This category includes
combustion, pyrolysis, gasification, and hydrothermal liquefaction,
each operating on different thermodynamic and chemical
principles. Combustion is the most straightforward approach,
involving the oxidation of biomass to release heat. Although widely
used for electricity and heat generation, combustion is limited in
efficiency because a significant portion of the biomass energy is lost
as heat and emissions.

Pyrolysis offers a more controlled approach by heating biomass in
the absence of oxygen. The products of pyrolysis solid biocarbon,
liquid bio-oil and gaseous compounds depend on temperature and
heating rate. Slow pyrolysis favors biocarbon production, which is
rich in carbon and can be used for soil improvement, carbon
sequestration, or as a precursor for activated carbon. Fast
carbonization, on the other hand, maximizes the production of
bio-oil, which is a complex mixture of oxygenated hydrocarbons
suitable for further upgrading into transportation fuels or
chemicals. Understanding pyrolysis kinetics, reactor design and
heat and mass transfer phenomena is critical for achieving high
conversion efficiency.

Gasification is a thermochemical process in which biomass is
partially oxidized at high temperatures to produce a combustible
gas mixture known as syngas, composed mainly of carbon
monoxide, hydrogen, methane, and carbon dioxide. Syngas can be
burned for heat and power or converted into liquid fuels and
chemicals using processes such as hydroformylation synthesis.
Hydrothermal melting represents a newer thermochemical
pathway, converting wet biomass into bio-crude oil under high
temperature and pressure in the presence of water. Unlike
pyrolysis, this process does not require drying the biomass, making
it particularly suitable for algae and other high-moisture raw
material. The bio-crude produced can then be refined into fuels
compatible with existing infrastructure. Optimizing this process
requires a thorough understanding of reaction mechanisms,
including depolymerization, decarboxylation, and hydrogenation
reactions.
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