Fuel from plants
Fossil fuel
All of the food we eat contains chemical energy initially derived
from sunlight. We know that it is photosynthesis that transfers
energy from light into chemical energy, and we are used to
talking about ‘calories’ in our food. You may have estimated
the amount of chemical energy in a foodstuff or a plant using
a calorimeter (see Figure 1). This instrument measures the heat
released when a sample is burnt. The greater the amount of
heat energy released, the higher the calorific (chemical energy)
content of the material. Combustion of fossil fuels to provide us
with heat relies on the chemical energy stored in plants when
they were alive (see Figure 2). With an ever-decreasing supply
of fossil fuels, however, we are constantly on the lookout for
alternative sources of energy.
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Wind, wave and solar power are dependent
on unpredictable natural elements, and they
and nuclear power are controversial. So we are
increasingly turning to biofuels — fuels derived
from modern-day plants. Crops including wheat,
maize and sugar cane can be used as biofuels
(see Figure 3). The sugar, starch, or vegetable oil
obtained from the crops is converted into biodiesel
or ethanol. These are known as first generation
biofuels, as their use is based on plant species we
have long harvested for food. Their production
therefore reduces both the availability of the
foodstuffs and land suitable for cultivation of food
crops. Second generation biofuels get around this
disadvantage. These are derived from plant matter
that is not normally used — biomass such as the
parts left behind when grains have been extracted
from a crop. However, second generation biofuels
have their own disadvantage in that it is usually
difficult and environmentally unfriendly to extract
the fuel from such sources. A long series of physical
and chemical treatments is required.
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Figure 3 Biofuel sources: (a) wheat, (b) maize, (c) sugar cane

Biofuel of the future

‘The amazing sight as tourists frolic in tons of seaweed that has
covered beaches in eastern China’, Mail Online, 25 July 2015:
https://tinyurl.com/hef2f4z
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Figure 1 Diagram of a calorimeter, used to measure the heat released
when a sample is burnt, which gives a measure of the chemical energy the
sample contains

There has been recent research into third generation biofuels. These are based on biomass that has not been produced on arable land, such as algae
grown in bioreactors (see Biological Sciences Review, Vol. 29, No. 1, p. 17), in waste-water treatment ponds, or that grow naturally around our shores.
Harvesting the latter would potentially be sustainable indefinitely, and sea lettuce (Ulva) is a candidate. This green seaweed is found in coastal waters
worldwide (see Figure 4). It can grow in such profusion that its accumulation on beaches can cause environmental problems. It does not form complex
tissues, so can grow considerably more rapidly than land plants, and the annual yield of sea lettuce per unit area can be nearly five times that of landbased energy crops.
The carbohydrate content is also considerably greater than that of land plants, meaning a higher proportion of the material can be used to produce
biofuels. Each tonne of algae also removes 1.5 tonnes of CO2 from the atmosphere (but burning a tonne of biofuel returns about 4.5 tonnes of CO2 to
the atmosphere). All of these features make Ulva a promising biofuel but research will be needed to determine suitable methods of growth, harvest
and treatment to extract the compounds required for conversion into useable energy. So, the next time you see seaweed on the beach, just think, it
could one day power your home.

Figure 4 Third generation biofuel source: sea lettuce
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Figure 2 How coal was formed from Carboniferous forests that thrived around 300 million years ago (1). The dense vegetation grew in
swamps where decay did not keep up with the deposition of plant material so it accumulated and became buried (2). Over time and with
increasing pressure from deposits above, the material became condensed and compacted into coal (3)
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