
Introduction to Biomass and Bioenergy

Key concepts, sources, conversion pathways, benefits, and challenges

1. What Is Biomass?

Aspect Description

Definition
Organic material derived from living or recently living organisms (plants, animals,

microorganisms).

Forms

- Solid: wood chips, agricultural residues, municipal solid?waste (MSW)

organics, energy crops.

- Liquid: bio?oil, ethanol, biodiesel, biogas (after upgrading).

- Gaseous: biogas (CH??+?CO?), syngas (CO?+?H?).

Energy

Content

Typically 15–25?MJ?kg?¹ for dry wood; lower for wet feedstocks because of

water evaporation energy loss.

2. Why Biomass Matters for Energy

Driver Explanation

Renewability
Grows back on a human timescale (months?years) vs. fossil fuels (millions of

years).

Carbon Cycle
CO? released on combustion is roughly equal to CO? absorbed during growth

? potential for carbon?neutral energy (if land?use change is managed).

Energy Security Domestic feedstocks reduce dependence on imported oil and gas.

Rural

Development

Provides income streams for farmers, forest owners, and waste?handling

businesses.

Waste

Management

Converts agricultural residues, forestry by?products, and organic municipal

waste into useful energy.

3. Major Biomass Feedstocks

Category Typical Sources Key Characteristics
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Agricultural

residues
Straw, husks, bagasse, corn stover

High availability, seasonal, often low bulk

density.

Energy crops
Miscanthus, switchgrass, short?

rotation coppice (willow, poplar)

Designed for high yield, can be grown on

marginal land.

Forestry

residues

Sawdust, bark, branches, logging

slash

High lignocellulosic content, relatively

low moisture.

Organic waste
Food waste, yard trimmings, manure,

sewage sludge

Requires preprocessing (sorting, drying)

to improve quality.

Algae
Micro?algae cultivated in ponds or

photobioreactors

Fast growth, high lipid content, can use

non?arable land and wastewater.

4. Conversion Pathways

Pathway Process Overview Main Products Typical Applications

Combustion

Direct burning of solid

biomass in boilers or

furnaces.

Heat, steam,

electricity (via

turbine).

District heating, industrial

process heat, power plants.

Gasification

Partial oxidation at

700–1,200?°C ? synthesis

gas (syngas).

Syngas (CO?+?H?

), tar, char.

Power generation (IGCC),

feedstock for Fischer?Tropsch

fuels, chemical synthesis.

Pyrolysis

Thermal decomposition in

absence of oxygen

(350–550?°C).

Bio?oil, char, non?

condensable

gases.

Upgrading to fuels, soil

amendment (bio?char),

chemical feedstocks.

Anaerobic

Digestion (AD)

Microbial breakdown of

wet organic matter in

sealed reactors.

Biogas (?60?% CH

?), digestate.

Combined heat & power (CHP),

vehicle fuel (
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