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Growing power

Bill Graham

How the topic of non-food crops can help teach pupils about some 
practical applications of science and about environmental sustainability

ABSTRACT
Farmers are increasingly growing non-food 
crops as the raw materials of a wide variety 
of products such as plastics, fuels, building 
materials, etc., in environmentally sustainable 
ways. However, it is not always easy for schools 
to find current and relevant information about 
the use of such crops. This article looks at ways 
in which the study of non-food crops can enrich 
the teaching of science and enlarge knowledge 
of environmental sustainability, and it identifies 
various teaching resources available.

An agricultural revolution is taking place within the 
British countryside, with farmers being encouraged 
to take a fresh look at what they produce and how 
it is produced. One major aspect of this revolution 
that seems to have been generally overlooked in the 
curriculum is the area of non-food crops. There is of 
course nothing new in the use of agricultural crops 
to give us everyday non-food products, for example 
cotton for clothing, sunflower oil for cooking, hemp 
for rope and wool for clothes. But new uses are being 
developed for a variety of crops as a result of political 
pressure to reduce our dependence on fossil fuels 
and to improve our environmental sustainability.

There is great interest in products that are 
renewable and, in some cases, reduce our dependency 
on fossil fuels. Plants such as wheat, oilseed rape and 
willow are being grown for the industrial production 
of plastics, oils and biofuels. As natural products, they 
reduce CO2 emissions and are also biodegradable, 
which cuts down on problems of waste disposal. 
However, industries with existing investments may 
be resistant to change, may not understand the new 
technology and are often unwilling to establish new 
processes. Until there is demand for the products 
there are also supply-chain issues. Farmers are 
naturally reluctant to invest in growing new crops 
until there is an assured demand for the products 

and this can initially create supply issues for the 
manufacturers. Table 1 summarises the key plants 
involved, describes what products can be made from 
them, and identifies some of the opportunities and 
constraints to do with using them.

Why are plant-based materials a  
good thing? 
Apart from nuclear energy, all available energy 
comes directly or indirectly from the Sun. Plants use 
energy from the Sun, directly, for photosynthesis to 
make all the necessary molecules, such as starches, 
that they need for growth. When the plants have been 
harvested, these complex molecules can be broken 
down and turned into products such as plastics and 
biofuels. Fossil fuels are derived indirectly from 
the Sun and are a major source of energy and raw 
materials, but are not renewable.

Any CO2 released by manufacture of non-
food products or burning of a biofuel is more or 
less balanced by the CO2 that the plant used for 
photosynthesis. Therefore the overall level of CO2 
in the atmosphere does not rise, which means there 
is no contribution to global warming. When non-
food products are not wanted any more, they can 
be recycled or composted back into CO2, water 
and plant nutrients. Of course no cycle is perfect, 
so energy and material may be lost, but it is better 
than using fossil fuels, which release CO2 into the 
atmosphere but whose original photosynthesis took 
place aeons ago.

However, it is worth pointing out to students 
that biofuels can have their drawbacks. A very 
large percentage of farming land would need to be 
turned over to biofuel production to replace fossil 
fuels entirely, and in the process biodiversity would 
be lost. In addition, if the production of crops such 
as maize are switched to uses such as biofuels, the 
result could be food shortages.
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Table 1  Types of non-food crops.

Type Description Examples of  Opportunities Constraints   
   plants used

Oil seeds Already extensively  Linseed, maize,  Plants give many  Would need to grow  
  used for paints,  rape, soy, fl ax,  oils diffi cult/expen- more oil-seed crops   
  polymers, lubricants,  crambe and sive to make such as rape.  
  solvents, sealants,  calendula synthetically.  Cost v. synthetic oils.  
  health and personal   Wide range of Technology designed  
  care  applications. for the petrochemical  
    Biodegradable. industry.   
    Production is       
    carbon neutral.      

Fibres Natural fi bres can  Cotton, coconut,  Can replace toxic  Extracting the fi bres  
  outperform hemp, jute, sisal,  alternatives such  can be diffi cult. 
  synthetics. Many wood, Miscanthus, asbestos and Non-renewable   
  uses in building cereal straw and fi breglass. competition is mature. 
  materials, car  Can be composted, Issues of supply.  
  components and  not landfi lled. Biodegradability can  
  hygiene products   be a disadvantage in  
     some situations.

Carbohydrates Products such as  Cassava, potato,  Synthesis and  Starch-based   
  starch are already sugar beet, sugar storage of plant plastics need more  
  extensively used in cane, maize, rye, carbohydrates development.  
  paper and board,  barley, oats,  are carbon neutral. Biodegradability can  
  and its derivatives wheat, peas Opportunities as be a disadvantage in  
  in pharmaceuticals,  plastics and some situations.  
  packaging and  detergents. Segregating  
  cosmetics  Can have new biodegradable waste  
    functionalities, e.g. plastics may be an  
    slow release. issue.   
    Biodegradable.
 

Based on information produced by the National Non-Food Crops Centre (see Resources for Learning)

Table 2  Where the teaching of biofuels fits in the Edexcel GCSE Science specification.

Unit and Topics Learning outcomes

C1 b.

7  There’s one Earth 7.9 Explore how sustainable development involves balancing the need for   
  economic development, standards of living, and respect for the environment

  7.12 Explain why biofuels are sometimes an attractive alternative to fossil fuels

  7.14 Explain that alcohol obtained from sugar cane or sugar beet is a useful  
  biofuel, which can be used to reduce the demand for petrol, but large areas of  
  fertile land have to be used
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Curriculum links
A study of non-food crops contributes towards a better 
understanding of environmental sustainability.

These new developments using agricultural crops 
as the starting point for envionmentally friendly 
products and biofuels provide a great starting point 
to illustrate issues of sustainability in a positive way 
within the science curriculum. To show the potential 
links, Table 2 identifies where biofuels can be used 
as a context for teaching the Edexcel GCSE Science 
learning objectives.

Some case studies
The case studies in this article are not being 
presented as definitive answers but rather illustrate 
some creative responses by farmers to issues of 
sustainability. It is hoped that students will look at 
these case studies critically, understand how our 
actions affect the future and appreciate that there is 
no one clear way forward. Tools such as life-cycle 
analysis, which could help students think about these 
aspects of sustainability, are mentioned in Resources 
for Learning.

Case study 1: From crop to car 
Biodiesel is used in many countries and is already 
available at fuel stations in the UK, but there are 
other plant-based alternatives such as bioethanol. 

Ethanol has been known as a fuel for many 
decades. Indeed, when Henry Ford designed 
the Model T, it was his expectation that ethanol, 
made from renewable biological materials, would 

be a major automobile fuel. Bioethanol can be 
manufactured through the fermentation of crops 
such as potatoes, wheat and sugar beet followed by 
distillation. 

Ford is presently trialling a fleet of 40 Focus 
Flexi-Fuel Vehicles (FFV) in Somerset, belonging 
to Somerset County Council, Wessex Grain, Avon 
and Somerset Police and Wessex Water (see Figure 
1). In Somerset, Wessex Grain is planning a new 
bioethanol production plant next to an existing 
grain-storage site. The facility will be able to 
convert 340 000 tonnes of wheat into 131 000 000 
litres of ethanol a year, at full capacity from 2007. 
In the meantime, bioethanol powering the Focus 
FFVs will be supplied by Wessex Grain from crops 
grown locally and processed elsewhere. In Sweden, 
where 80 per cent of Focus models sold are FFVs, 
bioethanol costs 40 per cent less than petrol. The 
Somerset project draws on the Swedes’ experience 
of establishing regional bioethanol distribution 
networks and the introduction of flexi-fuel cars.

However, conventional cars can use a 5% mix 
of bioethanol with 95% conventional petrol without 
modification. It is estimated that if used in this way 
the CO2 emissions in the UK would be reduced by 
3 million tonnes a year (www.britishbioethanol.
co.uk).

Table 3 compares the advantages and dis-
advantages of conventional fuels, along with 
some ‘green’ alternatives. It includes the impact 
on emissions not just from using the fuel to power 
the vehicle (tank to wheels) but also the impact of 
producing the fuel in the first place (well to tank). 

Figure 1  The Ford 
Focus Flexi-Fuel 
Vehicle (FFV).
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Case study 2: From Þ eld to Þ bre-board
Eldon Farm in Suffolk is situated near to Lakenheath 
on the fringe of Thetford Forest. In recent years, 
the farmer has changed to growing Miscanthus or 
Elephant Grass and now grows in excess of 200 
hectares.

Miscanthus, once established, is a relatively 
easy crop to grow, requiring very little in terms of 
inputs and tolerant of a wide variety of soil types. It 
grows to a height of over two and a half metres and 
resembles bamboo cane once it has shed its leaves 
and is ready for harvest (see Figure 2). The only 
consideration is that the land should be well drained, 
as the crop is harvested in late winter or early spring 
when harvesting machinery could easily become 
bogged down in heavy soil.

The method of harvesting depends on what the 
crop is to be used for (see Figure 3). A common 
method is to use a maize harvester and a disc cutter 
before baling it into large rectangular bales, stored 
until required in the barn. 

This versatile crop is used for many purposes, 
including natural fibre panels that are 40% lighter 
than conventionally produced boards and easy to 
make. These are composite materials made from 
long fibres stuck together. Extraction of the fibres 
can be challenging. The use of natural-fibre panels 
has significant potential for savings in carbon 
emissions and their biodegradability enables them to 
be composted, not landfilled.

Figure 2  Miscanthus grows to a height of over two 
and a half metres.

Table 3  Comparison of emissions ‘Well to wheels’.

Fuel C02 /g km–1   Other emissions

  ‘Well to tank’ ‘Tank to wheels’ ‘Well to wheels’ Nitrous oxide, NOx Particulates

Gasoline 30 190 220 base base

Diesel 20 145 165 poor poor

LPG 15 145 160 good v. good

Hydrogen 250 5 255 v. good v. good

Biodiesel –95 155 60 poor poor

Bioethanol –40 to –135 180 45 to 140 v. good good

Figures are based on information taken from a presentation made by Ford on the Focus Flexi-Fuel  
Vehicle (FFV)
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Case study 3: From grass to grid
Elean Power Station (see Figure 4) is a £60m plant at 
Sutton near Ely in Cambridgeshire. It is the UK’s first 
and the world’s largest straw-fired power station.

The power station was built between 1998 and 
2000 and uses 200 000 tonnes of straw each year. It 
generates enough electricity each year to meet the 
needs of 80 000 homes, or two towns the size of 
Cambridge.

The power station has two 18 m high barns to 
house the straw either side of the 25 m high boiler 
plant. The straw is collected from farms within a 50 
mile radius of the power station. They arrive in bales 
which each weigh half a tonne. One year’s supply of 
bales represent only 2% of the UK’s surplus straw!

Figure 3  Harvester used to cut the Miscanthus.

Figure 4  Interior of Elean Power Station.

The moisture content of the straw is automatically 
tested and must be below 25%. 

Conveyor belts carry the straw via twine cutters 
and bale-shredding machines to the boilers. There 
are four boilers and the straw is burned on a specially 
developed grate that maximises energy release and 
minimises emissions.

The heat from the burning of the straw causes 
water to turn into high pressure steam. This is directed 
onto the blades of a turbine which is connected to an 
alternator to generate electricity.

The combustion gases released during the 
process are treated before they enter the atmosphere. 
The ash is rich in potassium and phosphate salts and 
is the basis of an organic fertiliser. Emissions from 
the plant are up to 50% less than those expected from 
a conventional fossil-fuel power station.

Case study 4: From dill to distillery
Norfolk Essential Oils is a farmers’ cooperative 
in the fens growing a wide range of herbs such as 
angelica, sage, peppermint, chamomile, lavender 
and rosemary (see Figure 5).

Figure 5  Examples of products 
made by Norfolk Essential Oils.
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The group has constructed its own steam 
distillation unit to produce essential oils and 
hydrosols (floral waters) (see Figure 6). Water 
passes to the steam generation unit, from where the 
steam is led into one of three stainless steel vats into 
which the wilted crop has been placed. In contact 
with steam the oils are released from the plant tissue. 
The resulting steam/oil mixture passes next to a 
condenser where it is collected in its liquid phase 
before being passed on to  a stainless-steel separator. 
Here the oil is isolated by flotation, ready to be 
filtered, measured and sealed in storage containers 
ready for bottling. Full analysis is carried out using 
gas chromatography.

The water, still laden with aromatic components 
of the plant material, is similarly treated to provide 
the much-prized hydrosols. 

In conclusion
Modern agriculture is not just about food production. 
It is also involved in the growing of non-food crops 
that are the starting point for the production of more 
environmentally sustainable products in varied 
industries. This often-overlooked area provides 
numerous opportunities to make science teaching 
more relevant and vibrant.

Resources for Learning

Figure 6  Equipment used by Norfolk Essential Oils 
to extract essential oils from herbs.

Farming and Countryside Education (FACE) has partner 
organisations representing all aspects of the agricultural 
sector. Its website has a non-food section which provides 
background information and links to other sources of 
information and case studies in greater depth. The site also 
provides details of farms that can be visited. The website is: 

 www.face-online.org.uk
The Home Grown Cereals Authority (HGCA) has recently 

produced a colourful poster called ‘Grow your own car’ 
which highlights the many plant products that can be 
used in constructing and running a car. A detailed set of 
teacher notes to accompany the poster is presently being 
developed. Copies of the poster can be obtained via the 
website: www.hgca.com

The Royal Society of Chemistry has produced teaching 
resources on aspects of green chemistry such as biodiesel. 
These can be found on LearnNet at:   
http://www.chemsoc.org/networks.learnnet/index.htm

The National Non-Food Crops Centre (NNFCC) is an 
excellent starting point for information about this topic. 
See: www.nnfcc.co.uk

Francis, S. (2005) British field crops. A pocket guide to the 
identification, history and uses of traditional and novel 
arable crops in Great Britain. Available from bookshops; 
or direct from the author, email: Britishfieldcrops@
btinternet.com; or visit the website:    
http://www.britishfieldcrops.co.uk

Acknowledgements
This article draws on information written by Dr Richard Miller (Miller Klein Associates) for the HGCA draft 
teacher notes to accompany its ‘Grow your own car’ poster. 

Bill Graham is Head of Farming and Countryside Education (FACE), FACE, Stoneleigh Park, Warwickshire 
CV8 2LZ. Email: enquiries@face-online.org.uk


