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Introduction
Fossil fuels are finite – at some point coal, oil and gas will become too
expensive to use for all but the most essential functions. The search for
alternative, sustainable sources of energy has been accelerated by the gradual
acceptance that the enhanced greenhouse effect, caused by emissions of
CO

2
, NO

x
 etc is real.

Biofuels such as biogas can help the UK to reduce carbon dioxide emissions
and to meet its obligations under the Kyoto agreement. Under this agreement
the UK must reduce its greenhouse gas emissions by 12.5% below 1990
levels by 2012. In addition, there is a domestic goal of generating 10% of
electricity by renewable means by 2010.

Biogas
Anaerobic digestion of organic wastes by bacteria releases biogas, a mixture
of CO

2
, CH

4
, small amounts of H

2
S and trace elements. The relative

percentages of these components depends on the organic material used and
the way in which the digestion process is controlled. Theoretically, any
part of a plant, whole plants or animal wastes could be used as a source of
biogas. However, in practice, the organic materials that are being used are
those that yield the greatest volumes of methane since it is this that largely
determines the energy content. The most suitable crops for biogas generation
high in methane are those that are rich in easily-degradable carbohydrates –
cellulose and lignin are much harder to break down.
The presence of yeasts in the organic matter will result in the production of
ethanol.

There are two forms of anaerobic digester:
1. Batch digester: the simplest form. The organic material is loaded

onto the digester and then, once digestion has occurred,the gas is
collected, the effluent is removed and the process is repeated (Fig 1).

2. Continuous digester: Organic matter is continuously fed into the
digester and the effluent is continuously removed. This allows
continuous gas production, whereas in the batch system, gas production
is interrupted every time new organic matter is loaded (Fig 2).

Fig 2.  Continuous digesters
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Fig 1. Batch digesters
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Answers
1 (a) 6.0 + 0.5 = 6.5 mg carbon; 1

(b) Kyoto target:  12.7 × 1012 g
Total absorbed by 1 ha of SRC = 6.5 mg carbon

= 6.5 × 109 g;

no. of ha =                      ; = 1950 ha (3 significant figures); 3

2. (a) Lactobacilli; anaerobic fermentation of starch/organic matter into
organic acids/acetic/formic/CO

2
/H

2
;

Acetobacteria; break down organic acids into acetate/CO
2
/H

2
;

Methanobacteria; metabolize acetate/CO
2
 into methane; 6

(b) manure/sewage/crop wastes/forestry wastes;      (three correct)1
(c) suitable temperature/at least 15oC; suitable pH/6 - neutral; adequate

water content; adequate mixing/stirring; 4
(d) reduces temperature variations; reduces danger from possible

explosions; 2
(e) pressure build up due to biogas generation; 1
(f) either: batch digesters; once the substrate is used up it cannot be

replenished without stopping the process;
or: PVC balloon type; PVC/polythene will eventually tear

perforate; 2
(g) drum may get stuck when the pressure builds up/may not float

level/will eventually corrode; 1
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Factors affecting the rate of digestion
• Temperature - Some of the biogas may be burned to generate heat in

order to maintain the optimum temperature in the digester, for example,
during cold weather. Alternatively, the digester may need to be cooled
by circulating cold liquids around it. A temperature of at least 15oC is
required. By burying the biogas generator in the soil large temperature
fluctuations which could impede the fermentation are avoided (methane
is explosive and so by burying the generator in the soil the danger risks
of explosion are reduced).

• pH - NaHCO
3
 may be added to prevent a fall in pH due to the production

of organic acids. The bacteria work best from pH 6 to neutral.
• H

2
O content - Water can be added if necessary to prevent the organic

matter from drying out due to the heat generated by fermentation.
• Mixing - achieved by mechanical paddles stirring the organic matter.

As biogas is generated pressure builds up in the fermentation chamber. The
pressure forces the biogas out through the exit taps/valves when they are opened.

The effluent
The sludge or effluent that is left over from digestion is rich in nutrients
(nitrogen, phosphorus, potassium) and still contains some undigested or-
ganic matter so it is a valuable soil fertiliser and conditioner (a conditioner
improves soil structure, improving aeration and drainage). When dried, it
may also be used as a livestock feed.

Using biofuels for transport
Anaerobic fermentation of biomass releases ethanol which can be mixed
with petrol to be used as transport fuel. In Brazil, sugar crops have been
used to produce ethanol which is mixed with petrol in a 1:3 ratio. Critics
of this approach argue that:
• sugar beet has displaced potentially more valuable crops;
• clearance of forests for sugar beet growth has reduced biodiversity;
• the ethanol/petrol mix has a lower calorific value than petrol  (26MJkg-1

compared to 44MJkg-1) ;
• it is more expensive to produce transport fuel in this way.

Despite this, in the UK where transport accounts for 34% of total
energy use and 23% of our greenhouse gas emissions, the government
believes that bio-ethanol and bio-diesel should become more widely
used as transport fuels. The aim is to substitute 5% of the total fuel used
with alternative fuels by 2020.
Bio-ethanol is already being commercially produced from the fermentation
of straw, potato tops and sugar beet tops and research into the use of
cellulosic crops such as wood, straw and paper is continuing. Bio-diesel
is currently being produced from a range of agricultural crops and residues
as well as recycled, used cooking oil.

In several European countries, bio-diesel is being manufactured using oil
from soybean, sunflower and oilseed rape. Biodiesel biodegrades easily
and it is therefore considered a useful substitute for fossil fuel for river/
sea vessels. Used in diesel engines as a substitute for fossil fuels, bio-
diesel offers:
1. similar engine performance
2. reduced emissions of particulates, sulphur and polycyclic aromatics

Practice Questions
1. Under the Kyoto agreement, the UK is committed to reducing its CO

2

emissions by 12.7 Tg y-1. One way in which this may be achieved is by
growing short rotation coppice (SRC).
SRC absorbs 6.0Mg C ha-1 y-1 during photosynthesis.
Soil under SRC receives a further 0.5Mg C  ha-1 y-1 as a result of leaf
litter and other residues form the SRC.
(a) Calculate the total amount of carbon that 1ha of SRC would trap

annually. 1
(b) Given that the Kyoto target is to reduce C levels by 12.7 Tg y-1, calculate

the total area of SRC that would be needed to achieve our Kyoto
commitment. 3
1000Mg = 1 Gg 1000Gg = 1 Tg  1000g = 1 Kg   1000 Kg = 1Mg

Energy values
Wood : 15 GJ tonne Coal :  20 GJ tonne
Natural gas : 40 MJ m3 Propane :46 GJ tonne

Units:
1000 J =1 kJ 1000 kJ =1 MJ (=106J)
1000MJ =1 GJ (=109J) 1000GJ =1 TJ (=1012J) Total 4

2. (a) Name three bacteria that operate in biogas generators. State the
action of each bacterium you name. 6

(b) Name three examples of waste materials that may be used in
digestors. 1

(c) What conditions must be present in biogas generators for efficient
biogas production? 4

(d) What are the advantages of having biogas digestors buried in soil? 2
(e) What pushes the biogas and waste slurry out of the fermenter?1
(f) What digester probably has the shortest working life? Explain why.2
(g) Suggest a disadvantage of the floating drum type of digester. 1

Total 17

12.7 × 1012

6.5 × 109
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What organic material can be used?
Animal manure, sewage, crop wastes, forestry wastes, wastes from textile plants

Potential benefits of biogas
• Reduces waste volume and weight to landfill
• Reduces pollution problems from leachates
• Residue can be used as organic fertiliser
Biogas can be burned to provide heat, hot water and steam for production
of electricity or it can be compressed, scrubbed of CO

2
, H

2
S and water and

then used as a transport fuel. It provides a quieter fuel than petrol and one
that releases less NO

x
. However, because biogas is expensive to transport,

it is best used as a local fuel eg in local buses or refuse collection trucks.

The digestion process
1. Bacteria such as Lactobacilli carry out an aerobic fermentation,

breaking down the organic matter into organic acids, acetate, lactate,
formate,  carbon dioxide and hydrogen.

2. Acetogenic (acetate producing) bacteria such as Acetobacterium break
down the organic acids, producing acetate, carbon dioxide and hydrogen.

3. Methanogenic (methane producing) bacteria such as Methanobacteria
produce methane by breaking down acetate or by reducing carbon dioxide.


