
Biomass energy refers to energy produced from organic materials—derived from plants,

animals, and waste—which is renewed through natural cycles. Unlike fossil fuels, biomass is

considered renewable because it can be replenished via continued plant growth and waste

generation. The energy produced from biomass is often called bioenergy and can support

electricity generation, heating, transportation fuels, and industrial processes. Key advantages

include renewability, carbon neutrality (since CO₂ released during combustion was recently

captured by plants), support for waste reduction, and local energy security .

Photosynthesis is the fundamental natural process enabling biomass energy. It is how green

plants, algae, and some bacteria capture solar energy and convert it into chemical energy

stored as sugars (glucose):

Biofuels are fuels derived directly from biomass, and they exist in solid, liquid, or gaseous forms.

They reduce reliance on fossil fuels and are usually more environmentally friendly.

Biofuel Type Source Material Main Use

Bioethanol Sugarcane, corn, sorghum; fermentation Gasoline substitute

Biodiesel Vegetable oils, animal fats; transesterification Diesel engines, transport

Biogas Anaerobic digestion of plant, animal, organic waste Cooking, electricity

Biobutanol Fermentation (corn, beets, algae) Blending with petrol

Biohydrogen Algae, photosynthetic/biological processes Fuel, chemical feedstock

Generations of biofuels:

Biomass Energy: Concepts, Processes,
Conversion, and Applications
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Photosynthesis Process and Energy Storage

Summary Reaction:

Plants use chlorophyll to absorb sunlight, splitting water and fixing carbon dioxide, forming

carbohydrates. These chemicals store solar energy, which is later released when biomass is

used as fuel (either directly or after conversion) .[4] [5]

Biofuels: Types and Significance

Major Types



Applications: Transportation fuels, electricity generation, heating, industrial energy,

aviation/marine fuels .

Biomass resources are the raw materials used for energy conversion and include :

These feedstocks are valued for their availability, renewability, and potential to reduce landfill

volumes.

Biomass is converted to useful energy and fuels using several technological pathways, selected

according to the feedstock and output required :

Technology Type Description Products

Thermochemical Uses heat and chemical processes Heat, syngas, bio-oil, biochar

Combustion Direct burning for heat/power Heat, electricity

Gasification Partial oxidation; produces syngas Hydrogen, CO, CH₄, electricity

Pyrolysis Decomposition without oxygen Bio-oil, syngas, biochar

Biochemical Biological breakdown of organic matter Biogas, ethanol, butanol

Fermentation Microbial conversion of sugars/starch Ethanol, butanol

Anaerobic

digestion

Breakdown by microbes in absence of

oxygen
Biogas (mainly methane), compost

Physicochemical Mechanical/chemical extraction
Oils/fats (for biodiesel), torrefied

biomass

Each technology has distinct energy conversion efficiencies, environmental impacts, and

suitability for different biomass types.

1st Gen: Food crops (sugar, starch, oil seeds)

2nd Gen: Non-food biomass (crop waste, lignocellulosics)

3rd Gen: Algal and microbial sources

4th Gen: Engineered organisms for carbon-negative production
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Biomass Resources
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Agricultural residues: Crop stalks, husks, shells, bagasse

Dedicated energy crops: Switchgrass, willow, miscanthus, algae

Forestry residues: Sawdust, bark, wood chips, forest thinning

Animal manure and waste: Livestock excreta, poultry litter

Municipal solid waste (MSW): Paper, yard trimmings, food waste

Industrial byproducts: Black liquor (pulp mills), food processing waste

Biomass Conversion Technologies
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Main Conversion Routes



Urban (municipal) waste-to-energy technologies utilize the organic fraction of city waste (such

as paper, food scraps, yard trimmings) to generate energy :

Modern plants include emission control systems and are designed to work alongside recycling

and composting programs to maximize environmental benefits.

Biomass gasification is a thermochemical process where solid biomass is converted into a

mixture of combustible gases (producer gas or syngas), mainly comprising carbon monoxide

(CO), hydrogen (H₂), methane (CH₄), and carbon dioxide (CO₂) :

Urban Waste to Energy Conversion
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Incineration: Controlled combustion of waste to produce heat and subsequently electricity

via steam turbines.

Biogas from anaerobic digestion: Microbial conversion of organic waste to methane-rich

gas for heating/electricity.

Gasification and pyrolysis: Thermal conversion to syngas or bio-oil for use as fuels or

feedstocks.

Benefits

Reduces landfill burden and associated methane emissions.

Recovers energy from otherwise discarded materials.

Can provide district heating, electricity, and fuel for urban transport.

Metals and ash byproducts are often recyclable.

Biomass Gasification
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How It Works

Biomass is heated in a gasifier at 700–1,000°C under controlled (limited) oxygen/air or

steam.

Partial combustion provides the heat required; full combustion is avoided.

The output gas can be cleaned, filtered, and used:

Directly in engines or turbines for power generation.

For heating in industrial applications.

As feedstock for producing synthetic fuels, chemicals, or hydrogen.

Key Points

Gasification efficiently utilizes low-grade biomass and converts it to valuable, storable, and

transportable fuel.

Can be used with a wide range of feedstocks (wood, crop waste, urban waste).

Residual ash/char can be used for soil enhancement or further energy recovery.



Topic Main Ideas & Examples

Introduction Renewable, carbon-neutral, derived from organic resources, used for heat, power, fuels

Photosynthesis
Conversion of sunlight, CO₂, and water to glucose in plants; foundational for biomass

energy

Biofuels Ethanol, biodiesel, biogas, butanol, hydrogen; used across transport, electricity, heating

Biomass Resources Agricultural waste, energy crops, forestry residues, animal/urban/industrial waste

Conversion Tech
Thermochemical (combustion, gasification, pyrolysis), biochemical (fermentation,

digestion), physicochemical

Urban

Waste2Energy

Incineration, digestion, gasification/pyrolysis of MSW to produce power/fuels; supports

waste reduction

Gasification
Converts biomass to syngas for power, fuels, hydrogen; flexible, scalable, suited to many

feedstocks

Biomass energy leverages natural cycles and diverse feedstocks to generate heat, power, and

fuels, playing a crucial role in sustainable energy transitions, rural development, waste

management, and climate change mitigation .

⁂

Gasification's flexibility allows integration with existing energy systems and supports

distributed energy generation.

Summary Table: Biomass Energy Overview
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