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oncerns about global climate change and energy
security are increasing the pressure to produce
renewable energy and materials from farmland. The
increased use of crops for bioenergy and biorenewables
is intended to provide environmental benefits, yet is
already proving controversial. This is because there are
risks that the increased use of land for biorenewable
products will transform rural landscapes and threaten
the conservation of species and habitats, without
providing enough benefits in terms of reduced
greenhouse gas emissions. Experience from the UK

Farm Scale Evaluations of GM crops shows that these
benefits need to be assessed on a case-by-case basis.
The key issues therefore revolve around analysing how
land use for bioenergy and biorenewables compares
with the ecological and environmental effects of
existing land uses, especially in the context of where
and how these new crops will be grown.

The different forms of bioenergy and
biorenewable production
Traditional land management systems have always
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Fig. 1. Oilseed rape is likely to become even more common as demands for biodiesel increase.



involved the production of bioenergy from wood and
crops, together with biorenewables, including fibres,
dyes and medicines. Indeed, forage, root and grain
crops, particularly oats, fuelled horse power until the
first half of the 20th century. Although largely replaced
by fossil fuels in the latter half of the 20th century, non-

food crops are now coming back into favour because of
the need to reduce greenhouse gas emissions from
fossil sources and to become more sustainable in
resource use. Enhanced, breeding and genetic
improvements also allow far more flexibility in what
can be produced than was possible in the past.

Bioenergy comes in three main types as far as
renewable production is concerned; biodiesel and
bioethanol, biomass and biogas. Biodiesel and
bioethanol come from existing arable crops; in this
country, this is mainly from oilseed rape and beet, while
overseas, maize, soya and palm oil are the main
sources. Although the varieties may differ from those
used for food, bioenergy crops are still likely to be
grown in the same kind of environments and in broadly
traditional ways. Biomass embraces an alternative
range of crop resources in which plant material is
converted directly to energy for the market. Miscanthus
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Fig. 2. Global demand for maize is increasing as more of the US
crop is used for bioenergy.

Fig. 3. Sugar beet may find new markets as a bioenergy crop.



(‘Asian elephant grass’), willow and poplar are
potentially important sources of biomass energy, along
with wood and straw. Straw can be produced as an
additional output from conventional cropping, but the
other biomass sources named will all involve larger
changes to land commitment and management, and
may be suitable for land that is currently marginal for
food production. Biogas is produced by the
fermentation of organic matter to produce methane
which is then burned. Sources include both crop and
animal by-products, such as manures, silage and waste
vegetable matter.

Biorenewables include a much wider range of products,
such as oils, plastics, detergents, pharmaceuticals, and
industrial enzymes. The feedstock crops for
biorenewables are also more varied, including crops
such as flax and, potentially, new varieties of grass
species.

Environmental impacts at the landscape
scale
At the landscape scale, environmental impacts are
determined by the distribution of land use regimes and
how these are managed. The distribution of biodiesel
and bioethanol crops is likely to be similar to that of the
equivalent food crops, with oilseed rape and beet grown
mostly in the arable and mixed farming areas to the
south and east of Britain. The proportions of land used
for these crops will depend upon the market, but is
limited by the suitability of rotations. Oilseed rape can
only be grown once every 3-5 years on the same land
because of the build up of soil-borne diseases; sugar
beet is also grown in rotations with cereals, usually one
year in every three or four. Under these circumstances,
it is difficult to envisage that there could be a massive
swing towards oilseed rape for biodiesel, in place of
wheat grown for food or bioethanol. The need to
control cross-pollination between food and non-food
crop varieties will require buffer areas to be established
while also maintaining a degree of landscape diversity.

The use of bioenergy crops will therefore not transform
arable landscapes into monocultures, rather it will
change the balance of crops grown over time, as has
always happened due to market forces. Indeed, because
these crop species are largely already part of the farmed
landscape, being grown for different purposes, the
appearance of arable areas may not change significantly
to the casual observer.

The management of crops for biofuels and
biorenewables is likely to be similar to that of food
crops, but with maybe an even greater emphasis on
energy efficiency as part of their agronomy. Systems
favoured will be those that reduce inputs of fertilisers
and pesticides, as both require energy to produce and
for application for the crop. Beet and oilseed rape also
support quite a wide range of weeds and invertebrates,
particularly when compared to cereal crops. The
management of biorenewable crops, including grass, is
therefore likely to be more variable, depending on the
need for product purity and consistency, ecological
conservation and the economics of maximising yield.

The landscape implications of biomass crops are much
harder to predict. Large scale production of Miscanthus
and short-rotation coppice crops are new land uses for
Britain, and there is nothing similar with which they
can be compared. Miscanthus favours mild conditions
with plenty of water, i.e., as occurs in the south and
west of the country, and grows well on a wide range of
soils. Willow and poplar can be planted on fertile,
sheltered land, ideally free-draining. All need to be
cultivated on land that is accessible to machinery. Being
perennial however, once the land has been prepared
(which means removing weeds and controlling
herbivory) the crops will require very little maintenance
until harvest. They are well suited to lowland intensive
grassland situations, and could be grown over very
large areas, which might lead to dramatic changes in the
landscape. The impact on biodiversity will depend on
what the bioenergy crops replace. In particular, the
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replacement of intensive grassland by coppice is likely
to be beneficial for many species. The crops require
little in the way of fertilisers or other inputs during their
growth periods, but the land preparation and planting
are very disruptive to the soil and can result in more
nutrient run-off.

Biogas production can use a much greater variety of
inputs, and so its role in the landscape is more flexible.
Biogas systems could be sited alongside existing farms,
directly utilising waste materials and manures, silage
and grass products as feedstocks. The environmental
impacts in this type of scenario could be highly
beneficial, since biogas production can use materials
that are currently the cause of diffuse pollution and
associated risks to human health, converting them into
energy and digestate that contains about 2-3% dry
matter, high in readily available nutrients.

Competition for existing land
Bioenergy crops have been available in Britain for
many years but their uptake has been very limited as
they have been economically uncompetitive with other
land uses. However, the forthcoming Renewable
Transport Fuel Obligation is likely to change this
position by requiring fuel companies to use at least 5%
biofuel by 2010/11. Best estimates currently assess that
such levels of biofuel production would require around
20% of UK arable land, assuming all the fuel was
produced locally. Increasing use of biofuels could
therefore significantly increase the pressure on both
arable and pastoral land. It is not surprising that some
farmers would welcome this pressure, as it is likely to
create new markets and new opportunities, and to
increase farm gate prices for food and animal feed after
a long period of low farm incomes. However, if the
pressure to produce biorenewables and bioenergy is too
high, then farmers will choose to reduce food
production at a time of low global stocks and rising

prices. There may also be pressure to reduce the area of
land currently used for environmental benefits, such as
agri-environment schemes.

Will biorenewables deliver overall
environmental benefit?
Proponents of biorenewables argue strongly that they
are part of the solution to greenhouse gas production.
Opponents argue that the actual benefits will prove
much smaller than claimed, and may be outweighed by
reduced capacity for food production and pressure on
natural habitats. Annual crops have energy ratios
(expressed as the available energy output divided by
their energy input) in the region of 4-12, which can
easily be nullified by introducing transport fuel into the
equation. By contrast, perennial biomass crops have
energy ratios ranging between 18-38, though it is still
not clear how much additional carbon dioxide would be
released from the soil during initial land preparation
and planting operations. Moreover, since current
policies do not take into account where biofuels are
produced, they favour production in developing
countries, risking the transformation of tropical forests
and thereby adding to the global production of
greenhouse gases, not reducing it.

Yet these are not really arguments against using
biofuels and biorenewables, but instead are arguments
for the use of appropriate policies and pricing
mechanisms to optimise environmental and economic
benefits simultaneously. Such policies need to be
informed by science that is holistic, that truly integrates
from gene to globe.
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