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he United Kingdom Government and devolved
administrations are committed to new renewable
energy policies in order to confront the threat of
climate change. The draft Climate Change Bill
unveiled in March 2007 commits the UK to legally
binding cuts in emissions. 

Energy from biomass is one of a mix of renewable
technologies (including wind, solar and marine) that
are needed in order to overcome the world’s current
dependence on polluting fossil fuels. Bioenergy
figures in four of the five Tyndall Centre for Climate
Change Research’s future energy scenarios. The
Biomass Task Force, led by Sir Ben Gill, concluded
that biomass could reduce the nation’s carbon
emissions by almost 3 million tonnes a year if used
to provide heating. The carbon saving would be the

equivalent of taking 3.25 million cars off the road.

IGER, through its co-ordinating role in the Willow
for Wales project and its genetic improvement
programme for the giant energy grass Miscanthus,
has been involved in the Task Force discussions and,
via the Welsh Assembly Government’s Biomass
Steering Group, is contributing to the UK and Wales
Biomass Strategy documents due to be published
this year. 

The diversity of biomass sources and
technologies
The use of a mixture of raw materials and
technologies is a strength not a weakness of biomass.
Biomass raw materials include waste wood, forest
co-products, energy crops and municipal solid waste.
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Fig. 1.  Staff from IGER and Rothamsted discussing energy crops with Sir Ben Gill, leader of the Biomass Task Force. 



It is also important to realise that more sophisticated
technologies will, in future, be much more efficient.
Utilising combustion to generate electricity, whether
through co-firing with coal or through dedicated
power stations or waste incinerators, is a relatively
inefficient process. A third to three-quarters of the
potential energy is lost as heat. The production of
bioethanol or biodiesel from wheat, sugar beet or
oilseed rape yields a much lower energy ratio than
that which can be obtained from perennial energy
crops, due to the energy inputs required to establish
and manage these annual crops each year. Capturing
the waste heat energy in combined heat and power
plants (CHPs) gives much higher energy
efficiencies. Similarly, producing bioethanol by
enzymatic hydrolysis of ligno-cellulose (see Chapter
2) and extracting energy and platform chemicals as
part of a biorefinery concept (see Chapter 9) are
highly efficient technologies under development. 

Helyg i Gymru – Willow for Wales  

As a result of involvement with the Welsh Assembly
Government (WAG) Farm Woodland and Biomass
Action Plan, we obtained EU Structural Funds to
develop sustainable heat and power fuelled by
biomass from short rotation coppice in Wales. The
project forms a unique UK model of how to develop
an energy crop supply chain, and is funded by the
European Research and Development Fund through
the Wales European Funding Office (WEFO) on
behalf of the Welsh Assembly Government and by
industry. Participants include IGER, Forest
Research, Cardiff University, RWE npower, EGNI,
Renewable Fuels Ltd, Senova Ltd, Agrobransle, BP,
the West Wales Machinery Ring and Horne Energy
Consultancy.
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Fig. 2. The first commercial short rotation coppice in Wales being planted near Narberth in 2004. 



The primary aim of the project is to demonstrate
short rotation coppice (SRC) in Wales on a real farm
scale, using different types of farm representative of
Welsh agriculture.  Seven sites with a total planted
area of 35 ha were planted in 2004 and 2005 with a
mixture of five varieties. From the viewpoint of
having more control over planting and removing
unnecessary haulage and accommodation costs,
local suppliers of cuttings and planting machinery
are needed if significant areas are to be planted in
Wales.

A further aim of the project is to evaluate potential
varieties from willow breeding programmes for
adaptation to Welsh conditions.  Yields from the first
rotation of a trial of 15 varieties established in 2003
and harvested 2 years after cutback ranged from 6.87

to 12.28 oven dried tonnes (odt)/ha.  The average
yield of all 15 varieties was 9.74 odt/ha.

On the basis of these results, the potential yields of
the mixture of varieties planted in 2004 and 2005 are
10.04 and 9.54 odt/ha. In comparison, if we had
chosen the best five varieties which averaged 11.55
odt/ha, these would have produced roughly 1.5-2
odt/ha more. It should be remembered, of course,
that this is only one trial, that the yields of varieties
may vary over different years as well as at different
locations, and that results of varieties measured alone
may not be a complete guide to yields in mixtures.
Nevertheless, results suggest that variety trials could
have a valuable role in identifying the best varieties
with a significant effect (as much as 15-20%) on the
economics of the SRC supply chain. 
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Fig. 3. Willow trials at IGER for the Helyg I Gymru (Willow for Wales) project funded by the European Regional Development Fund.



In order for energy crops to fulfil their role in
bioenergy production, there needs to be realistic
pricing and fair contracts. A new economic model for
short rotation coppice willow, currently under
development in collaboration with Rebecca Heaton
from BP, demonstrates that at least £45/odt ex-farm
is required in order to provide reasonable returns for
farmers. The potential price is closer to £90-100/odt.
Such a price would take into account the inherent
energy value of coppice biofuel (equivalent to about
three barrels of oil per odt), the high competition for
the resource (all the waste wood being accounted
for) and, possibly, carbon credits or other
mechanisms that factor in climate change mitigation
(substitution of fossil carbon and sequestration of
carbon in the soil). The latter would place a premium
on sustainable sources of biomass and recognise that
coal as a fuel is a heavy carbon dioxide polluter. 

Although these figures are promising, ways must be
found to mitigate the high costs of crop
establishment for willow and Miscanthus to become
economic, either through grants or loans as a
kickstart, or by further significant technical
improvements. 

Overcoming bureaucracy 
Bureaucratic issues holding back energy crops need
to be clarified. Energy crops are eligible for the
Single Farm Payment (SFP) as they are classified by
the EU as multi-annual crops (Article 2 of EU
Regulation 795/2004). As such, their production is
accepted as an agricultural activity which will not
affect cross-compliance and SFP. In practice,
implementation has not worked as smoothly as this
in Wales but, hopefully, the teething problems have
now been sorted out.
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Sustainability 
Energy crops and other biomass resources must be
sustainable both in their production and their use.
Additionally, such bioenergy production should not
be at the expense of Brazilian or Malaysian
rainforests. As far as the UK is concerned, the
practice of removing brash and digging out stumps
from cleared forestry to use as a renewable resource
may not be sustainable, either in terms of carbon
balance and removal of nutrients. In comparison,
from a biodiversity viewpoint, both willow and
Miscanthus plantations have been shown to provide
good habitats for weeds and wildflower species.
They also act as better refuges for invertebrates,
small mammals and birds than either annual arable
crops or ryegrass pastures. There is a good case,
therefore, for both short rotation coppice willow and
Miscanthus being included in current agri-
environmental schemes. 

The role of IGER 
The BBSRC Review of Bioenergy Research
highlighted the need to improve primary production
and the efficiency of conversion to energy. IGER is
heavily involved in both aspects through the
Miscanthus breeding programme, associated plant
physiology research and through diverse approaches
to develop second-generation ethanol from ligno-
cellulose and biorefinery technologies. In this work,
IGER builds on its past strengths in genetic
improvement and the conversion of forage to
valuable outputs. 
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