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Biomass fuels come in many different forms, for example as 

solids such as wood chips or wood pellets; as liquids such 

as biodiesel or bioethanol and as gases such as syngas. It 

can therefore be used for a wide range of purposes. Most 

commonly it is used to heat buildings, produce electricity 

and as a transport fuel.  Biomass is considered to be a 

renewable form of energy if the plant matter from which 

it is derived is produced using sustainable production 

techniques.  

Photosynthesis

All biomass is produced as a result of the photosynthesis. 

This is the process by which carbon dioxide in the 

atmosphere and water are broken down by green 

plants using solar energy to produce oxygen (which is 

essential for all life on earth) and carbon. The carbon 

produced combines with the hydrogen atoms from the 

water molecules to produce complex sugars known as 

carbohydrate (biomass). Minute traces of other minerals 

also combine with the carbon and the hydrogen in the 

formation of the biomass.

Photosynthesis enables carbon in the atmosphere to be 

captured and converted to a form that can be stored. When 

this carbon is burnt it releases energy that can be utilised 

by mankind. We can consider biomass material produced 

by photosynthesis to be a means by which solar energy is 

stored. 

Energy from Biomass

Specification Content

should be able to:
Students should be able to:

• define the term biomass and give examples of 

categorised types: 

− organic materials; 

− wood; 

− agricultural crops; and 

− agricultural and municipal wastes; 

• Identify some of the main plant crops that are 

grown commercially to produce biomass, for 

example willow, poplar, elephant grass, maize 

and sugar cane;

• Assess the advantages and disadvantages of 

using biomass as a fuel source;

• State that combustion accounts for over 90 

percent of all energy obtained from biomass;

• Compare and contrast the properties of 

different types of woodchip; 

• Outline the process of gasification as how 

biomass is converted into a mixture of carbon 

monoxide and hydrogen, commonly known as 

syngas (chemical reactions not required)

• Identify the principal uses of syngas as a fuel 

source; and 

• understand that biogas is primarily a mixture 

of methane and carbon dioxide, produced by 

the biological breakdown of organic matter in 

the absence of oxygen (anaerobic digestion);

• Discuss the advantages and disadvantages of 

using commercial anaerobic digesters.

An Introduction to Biomass

“Biomass is a general term for material derived from growing 

plants or from animal manure. Bioenergy refers to the 

technical systems through which biomass is produced or 

collected, converted and used as an energy source.”

European Biomass Industry Association (http://www.eubia.org)

©
 P

 W
al

sh
 2

00
6



land is not of sufficient quality to allow the growth of other 
crops. 

Energy Crops
Energy crops are cultivated principally for the generation 
of energy. These crops are grown purely for their ability to 
store solar energy in a form that can be efficiently utilised to 
meet our energy needs.  In growing these crops, agricultural 
land that could have been used for the growth of food 
crops, may have to be used. Examples of this type of crop 
include Miscanthus grass (elephant grass), Rye grass and 
Maize.  These crops are more commonly used as sources for 
the manufacture of liquid biofuels, such as bioethanol and 
biodiesel. 

Organic by-products
Biomass is also produced as a waste product by both 
animals and humans. More commonly referred to as 
manure, this consists of partially broken down biomass 
material.  This biomass will decompose to release gas 
(methane) which can be burnt to provide heat energy. 
Similarly biomass waste products are created for example 
by the food processing industry. 

Biomass materials such as these generally need further 
processing to ensure that they fully breakdown and that the 
gas produced is collected efficiently. A process known as 
Anaerobic Digestion is frequently employed to achieve this.  
[See section on Anaerobic Digestion]

Organic Waste
Organic waste compounds can also be used as a source of 
energy. Organic waste compounds include items such as 
food wastes and waste products that largely compose of 
biomass material. Good examples of these are paper and 
cardboard, both of which have been made from biomass 
materials.  If these materials are dry they may be combusted 
directly; however, if not they can be treated in an anaerobic 
digester. Particular care is needed to ensure that harmful 
contaminants such as inks and plastics are not present as 
these can introduce pollutants into the combustion process.

The diagram below illustrates the cycle through which 
atmospheric carbon (carbon dioxide) and solar energy are 
converted to biomass and how the carbon is released to the 
atmosphere when biomass is burnt. The burning of biomass 
releases heat energy that can be utilised to meet our energy 
needs.

Biomass fuel sources are considered to be a renewable 
energy source because the biomass grows and is harvested 
and burnt in a relatively short period of time. For example a 
coniferous tree can grow and be harvested within a 30 year 
period which is well within a human lifetime. Fossil fuels on 
the other hand take millions of years to form and cannot be 
replenished within a human lifetime.

Sources of Bioenergy

Wood 
Commercial forestry, which takes place right across 
Northern Ireland, produces large volumes of timber from 
coniferous trees every year. While most of the timber 
produced is processed to make timber products, the offcuts 
and sawdust produced can be used to produce wood 
pellets. 

At the same time the forest residues, such as the branches 
and off cuts remaining from the harvesting of timber in 
forests, can be used to produce wood chip. Wood chip will 
usually require to be dried before it can be effectively used 
as biofuel. This forest waste can also be difficult and costly 
to collect and process.

In Northern Ireland willow is also frequently grown and 
harvested to produce wood chips. Willow grows very 
quickly and can be harvested every 2 to 3 years. One key 
advantage is that it can grow very successfully on poor 
quality or marginal land. For this reason it particularly 
suitable for use in some parts of Northern Ireland where the 
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Summary of Sources of Biomass Fuels

State Natural Source Bioenergy Product Process for utilisation

Solid Grasses Straw Combustion in specially designed large scale boilers 
to produce hot water, and / or steam and electricity

Timber Wood Chip
Wood Pellet

Combustion in specially designed and purpose built 
boilers to produce hot water, and / or steam and 
electricity. These can either be large scale industrial 
boilers or small scale boilers for domestic use

Liquid Rapeseed
Maize (or corn)

Biodiesel
Bioethanol

Processing required to produce liquid fuels (used 
mainly for transportation)

Gas High moisture 
organic wastes eg 
animal manure, Food 
processing wastes

Methane Produced from anaerobic digestion
(methane is burnt to produce heat and steam for 
electricity production)

Landfill gas Primarily methane Produced by the partial decay of organic waste in a 
landfill. This can be collected and burnt to produce 
heat and or electricity

Wood Chip
Wood chip is produced by the shredding of willow crop or 
residual forest waste. The material is shredded into particles 
in a size range of 10 - 28mm. Depending on the time of year 
at which harvesting takes place there can be a significant 
variation in the moisture content. Newly harvested 
woodchip can have a moisture content of up to 50% and 
this is needed to be reduced before use.  
Drying can be achieved either by storage in a dry area over 
the summer period or by using heat produced by biomass 
boilers in large stores. Ideally the moisture content should 
be reduced to less than 25%. This drying can represent a 
significant cost in the preparation of the wood chip. Wood 
chip is best suited to burning in larger scale boilers, for 
example those at schools, hospitals or hotels. 

Wood Pellets
Wood pellets are produced by mechanically compacting 
saw dust that has been produced when preparing timber 
for commercial use. The saw dust is extruded through a 
stainless steel former and the heat produced by the friction 
of the saw dust against the former causes the lignin in the 

Freshly shredded woodchip    
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Creating wood chips from forest matter
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timber to melt and fuse the saw dust together. Wood pellets 
have a moisture content of approximately 10%. Wood 
pellets have two major advantages. 

Firstly they are of a standard size 6 or 8 mm in diameter 
and usually 5 -30 mm long. As their size is so regular they 
facilitate boiler manufacturers to produce automated 
systems for feeding the pellets into small scale boilers 
suitable for domestic use. They are also mainly dust free. 

The second advantage wood pellets have is that they are 
relatively dense which means that they have a high energy 
density. This can be seen in the table related to energy 
density. 1m3 of dry wood chip contains 855 kW of available 
energy whereas 1m3 of pellets contains 2756 kW of 
available energy. This means that in the domestic situation a 
considerably smaller fuel storage area is required. 

Sample of 6mm diameter wood pellets       
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Wood pellets are formed when saw dust is extruded at great 
force from the perforated stainless steel former shown.      
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Biomass – 
Properties and Energy Content

A fixed quantity of a fuel contains a fixed quantity of energy. 
When a biomass fuel is burnt heat energy is released. This 
heat can be used to heat a room or to boil water to make 
steam to drive a turbine to generate electricity. The quantity 
of heat produced per unit mass of the fuel is referred to as 
the calorific value of the fuel. Different definitions can be 
used to quantify the calorific heat value of the fuel. The two 
most common definitions used are: 

Net calorific value (NCV) Heat released during combustion 
per unit mass of the fuel, assuming that any water produced 
during the combustion process is steam (ie this assumes 
that some energy is used to produce the steam) 

Gross Calorific value (GCV) Heat released during 
combustion per unit mass of fuel, assuming that any water 
produced during the combustion process is a liquid 
(ie that any steam produced is condensed to release some 
further energy).

All biomass fuels contain some water. The amount of water 
that the fuel contains is a key consideration when dealing 
with biomass fuels, because this affects the quantity of 
usable energy that can be produced when the fuel is 
burnt. This is because any moisture in the timber must be 
evaporated, before proper combustion can take place.
The following table considers some common biomass fuels 
and compares their energy density i.e. the energy that can 
be released from each per cubic metre. 
 
Energy Density per cubic metre of a range of 
biomass fuels (oil included for comparison 
purposes
 

Moisture 

Content

GCV 

[kWh/

kg]

NCV 

[kWh/

kg]

Bulk 

Density  

[kg /

m3 ]

Energy 

Density

[kWh/

m3]

Wood 
Pellets

10 5.5 4.6 600 2,756

Wood Chips 
(soft wood, 
pre-dried)

30 5.5 3.4 250 855

Wood Chips 
(soft wood, 
undried)

50 5.5 2.2 350 785

Miscantus 
Grass 

25 5.1 3.6 140-180 575

Fuel Oil 840 10,000



 
Stages of the Biomass Combustion 

Process

The efficient combustion of solid biomass material such 
as wood chip or wood pellets depends on the following 
factors:
• The temperature in the combustion chamber
• An adequate supply of oxygen
• The fuel remaining in the combustion chamber so that 

it burns completely.

A modern wood chip or pellet boiler will be set up in such 
a way so as to ensure that these conditions are met. This is 
done by controlling the speed of the fan that draws the air 
(oxygen) into the combustion chamber.

During combustion the fuel goes through four distinct 
stages. Initially the fuel is dried, and then the intense heat 
in the combustion chamber causes the fuel to begin to 
decompose. As it decomposes the products produced react 
with the nitrogen and oxygen in the air to create gases 
including hydrogen that will oxidise to release the energy in 
the fuel. The four stages of combustion are: 
• Drying
• Pyrolysis
• Gasification 
• Combustion.  

Example of a domestic Wood Pellet Boiler     
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Chimney (Flue) 
Connection 

Fan to ensure adequate 
air supply 

Pellet store 

Combustion 
Chamber

The efficient burning of biomass fuels such as wood chip or 
wood pellets depends on each of these phases being able 
to fully occur. 

Anaerobic Digestion 

Anaerobic digestion is a biological process that results in 
the breakdown of organic matter by naturally occurring 
bacteria in an environment that has an absence of oxygen. 
It is a natural process and it produces two products – 
biogas, which consists mainly of methane (and some 
carbon dioxide) as well as residual digestate which is a 
nutrient-rich fertiliser. The biogas produced can be used to 
fuel boilers to produce heat and / or generators to produce 
electricity. Therefore waste materials can be converted into 
a form of renewable energy.

Anaerobic digestion is used to either:
• Treat waste biomass material and the biogas produced 

is a by-product
• To produce biogas from crops specifically grown to 

produce energy.

Stages of Anaerobic Digestion
http://extension.psu.edu/energy/waste-to-energy/biogas/basics-of-
anaerobic-digestion

The process requires the waste to be in a liquid form. 
Anaerobic digestion typically takes about 20 days for the 
process to be effective, although this depends on the 
following:
• The type of material being used.
• The moisture content of the digestate.
• The residence time (time that a particular batch of 

waste remains within the digester tank) temperature 
may need to be adjusted to suit the properties of any 
particular waste stream. 

For this reason anaerobic digestion tends to be most 



effective for dealing with consistent waste streams such as 
organic waste produced, for example by a particular process 
in the food processing industry.  

Typical Anaerobic Digestion Facility
http://torontowaste.webs.com/newwastemanagementmethods.htm

Different waste streams produce different quantities of 
biogas, and some examples are shown in the following 
table.

Feedstock % dry matter Biogas Yield 
(m3/wet tonne)

Food and Drink 
Waste

18% 30-145

Sewage Sludge 10% 9 – 16

Animal Slurry and 
Manure

15% 12- 23

Purpose grown 
crops

30% 50 – 220

Table 3 Biogas yields per wet tonne 

Anaerobic Digestion Process 

Typically the process follows four stages: 

During the residence period a number of biological 
reactions will take place in sequence. 

1. The first stage is known as the hydrolysis stage, when 
insoluble carbohydrate materials react with the water to 
break down more complex insoluble organic substances 
to form simpler sugars and amino acids. 

2. Acidogenic bacteria then act on these substances to 
produce hydrogen, ammonia, and organic acids.

3. Acetogenic bacteria convert the organic acids that are 
produced into acetic acid, ammonia, hydrogen and 
carbon dioxide. 

4. During the final stage of the process the bacteria 
present convert the hydrogen, ammonia and acetic acid 
into methane and carbon dioxide. 

The biogas that is produced at this stage comprises mainly 
of methane which can be burned as a source of fuel.

As the process relies on naturally occurring bacteria, care 
must be taken to ensure that no chemical matter that will 
harm the bacteria is introduced e.g. detergents. 

Commercial Anaerobic Digesters

The construction of commercial anaerobic digesters has 
increased in recent years as environmental legislation has 
required that bio-waste to be treated rather than it being 
sent to landfill. 

Advantages of Commercial 
Anaerobic Digestion

Disadvantages of 
Commercial Anaerobic 
Digestion

• Treats waste and 
reduces green-house 
gases.

• Produces a biogas that 
can be used as a fuel.

• Anaerobic digestion 
can take place at a 
location local to where 
waste or energy crop is 
produced – therefore 
reduces the need for 
transportation. 

• Requires a steady 
supply of a consistent 
feedstock.

• Quality of the gases 
produced will vary, 
therefore potentially 
increasing the need 
for a gas cleansing 
process to protect 
the combustion 
equipment.

• The process can be 
slow, particularly 
during the winter 
months and may 
require the addition of 
extra heat.

 



Activity 1
Use the energy density figures for the materials listed in the 
table below to work out what volume of each fuel would 
be required to provide the heat energy for a house that 
has an annual energy demand of   15,000KWh. What is the 
implication of this for the house-holder?

Answer:

Fuel Moisture  
content

Energy  
Density 

Volume of Fuel Needed

Wood Pellets 10 2,756 15,000 / 2756  =  5.4 m3

Wood Chips (soft wood, 
pre-dried)

30 855 15,000 / 855  =  17.5 m3

Wood Chips (soft wood, 
undried)

50 785 15,000 / 785  =  19.1 m3

Miscantus Grass 25 575 15,000 / 575  =  26.9 m3

Oil n/a 10,000 15,000 / 10,000 = 1.5m3

Activity 2
a. Why is biomass considered to be a renewable form of 

energy?
b. What are the main advantages and disadvantages of 

using biomass fuels
c. Explain the similarities and differences between wood 

pellets and wood chips as biomass fuels. 

Activity 3
a. Describe the process of anaerobic digestion?
b. List the advantages and disadvantages of using 

commercial anaerobic digesters.

Activity 4
Using the link below and any others of your choice, identify 
the principal uses of Syngas.
http://biofuel.org.uk/what-is-syngas.html

1. http://www.eubia.org 
2. http://extension.psu.edu/energy/waste-to-energy/

biogas/basics-of-anaerobic-digestion

Websites/Resources


