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uring the last decade, many of the world’s
governments have accepted that there is an

undeniable link between the use of fossil fuels and
climate change. The international concern over the
potentially disastrous effects of global warming has
therefore included the demand that traditional fossil
fuels should be replaced, where possible, with
renewable forms of energy, thereby reducing global
carbon emissions. Furthermore, many countries have
come to realise that they are uncomfortably
dependent on oil and gas supplies from sources that
are largely beyond their control, and so have
identified the adoption of biorenewable energy
sources as a valid strategy for increasing their fuel
security. In the UK, several species of non-food
crops have been pinpointed as appropriate to our
climate and landscape for the production of such
bioenergy, and significant scientific resources are
now being focused on improving the agronomic
performance and chemical constituents of these
crops for them to be realistic alternatives to
petrochemicals, natural gas and coal.

Biomass improvement targets
The three primary targets for improving biomass
crops are greater yield, increased efficiency of
conversion into energy and improved sustainability
of the crop. In other words, we need to increase the
yield of biomass per hectare and the yield of energy
per tonne of biomass, hopefully achieving both
objectives in an ecologically and financially
sustainable manner. Increasing the amount of energy
released from a given quantity of biomass can be

achieved by tailoring the chemical composition of
the crop. There are obvious parallels here between
the improvement of biomass composition in energy
crops and quality improvements to food and feed
crops. Moreover, it is also important that
improvements made to yield are not linked to
unintended negative effects on conversion
efficiency. Bioenergy production is sometimes
considered to be a complicated technology because
many different biomass feedstocks can be converted
by many different conversion methods into many
different energy vectors. For example, biomass can
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Fig. 1. NIRS Spectrophotometer (insert shows sample container
assembly).



be thermally converted using combustion,
gasification or pyrolysis into heat, electricity or
liquid biofuels. Alternatively, biomass can be
converted biologically through fermentation to form
alcohols (e.g., ethanol), methane or hydrogen. Plant
biomass with a high calorific value is more suited to
thermal conversion, whilst biomass with more
available sugars gives a greater range of
fermentation products. Such differences in calorific
value and available sugar content are directly related
to plant chemical composition, and can vary both
between and within crops depending on the age of
the plant, the time of year and the variety grown.

Seasonal variation in biomass crop quality
Better agronomic practice can also be used to aid
conversion efficiency. For example, biomass
feedstocks with a water content of less than 20% are
normally required for thermal conversion processes;
otherwise an intermediary drying step is necessary
which can drain much of the energy advantage.

Additionally, it is inefficient to transport biomass
with high water content over long distances. Short
rotation coppice (SRC) willow and Miscanthus
(Asian elephant grass) crops, currently being grown
in the UK for use in the electricity and heat markets,
are therefore both harvested in winter to early spring,
when water content is at its lowest. In both crops,
further quality benefits have been identified that are
dependent on the loss of leaf material before
harvesting. In Miscanthus, the combination of
senescence and leaching by rain reduces the
concentrations of potassium and chloride, both of
which form corrosive compounds upon combustion
or gasification. However, other quality parameters,
such as the organic composition of the plant cell
wall, may be less dependent on management
practices and more dependent on the genotype of the
variety grown.

Exploiting near infrared spectroscopy
(NIRS) to measure biomass crop quality
In the Engineering and Physical Sciences Research
Council (EPSRC)-funded Supergen project
(http://www.supergen-bioenergy.net/), biologists
have been working with engineers to study the effect
of crop biomass quality on downstream thermal
conversion processes. As IGER’s contribution, we
have been developing and applying high throughput
methods to measure plant cell wall composition in
grasses, including Miscanthus. For components such
as lignin, analyses based on near infrared
spectroscopy (NIRS) enable the assessment of
thousands of samples without having to perform
time consuming wet chemistry techniques. (Fig. 1).
Such NIRS methods have been used previously for
the compositional analysis of animal feeds and
forages.

To implement this NIRS technology, it is necessary
first to calibrate the infrared spectra (Fig. 2) from
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Fig. 2. An example of a NIRS spectrum from Miscanthus.



standard samples of dried and ground plant material
with known lignin content determined in the
laboratory. This calibration is achieved using
statistical regression techniques, such as partial least
squares analysis (PLS). (Fig. 3). Once this learning
process has been completed, the technique is
infinitely faster and cheaper to perform, and
predictions of compositional features may be
generated solely from spectra. To date, calibrations
have been made for lignin, acid detergent fibre and
neutral detergent fibre. Taken together, these
measurements represent the whole of the
lignocellulose fraction of the cell wall, and enable
the quantification of both the major cell wall sugars,
cellulose and hemicellulose. For thermal conversion
of biomass, such as would occur when biomass is
burnt to generate electricity, crops with a greater
lignin content would be selected for their higher
heating or calorific value. For biological conversion,
biomass crops with greater sugar content would be
chosen to access their greater fermentation potential
for products such as ethanol and biogas. The aim is
to use this high throughput spectral technology to
identify individual plants with interesting chemical
composition. This data would then be incorporated
as part of the selection procedures within energy
crop breeding programmes to identify new varieties
of crops such as Miscanthus (Fig. 4) which display
improved traits for energy conversion (e.g., more
lignin and higher calorific value for combustion,
more cell wall sugars for bioethanol production). 

Using this NIRS approach, lignin, cellulose and
hemicellulose content have been determined for 366
Miscanthus plants originating from the European
Miscanthus Improvement (EMI) project. The EMI
project comprised 15 different Miscanthus
genotypes grown in five countries across Europe,
sampled on two harvest dates.  These 15 genotypes
included the most commonly planted genotype, M. x
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giganteus, together with representatives of the two
parental species of this hybrid, M. sacchariflorus and
M. sinensis. The biggest differences in chemical
composition were detected between M.  sinensis and
M. sacchariflorus, whilst the hybrid M. x giganteus
was more similar in chemical composition to M.
sacchariflorus. 

Speeding up breeding for biomass quality
In conjunction with chemical engineers at our
Supergen partners in the universities of Aston and
Leeds, the identification of biomass crops with
different chemical compositions enables us to
pinpoint samples for further tests on  thermal
conversion efficiency and end product quality (e.g.,
bio-oil quality). In addition, as many of the genes
involved in the biosynthesis of lignin, cellulose and
hemicellulose are known, it will be possible to
determine the location of these genes within the
genomes of energy grasses, and associate specific
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Fig. 3. Regression of predicted vs. actual lignin content for NIRS model.
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genetic variations with differences in lignin,
cellulose and hemicellulose content. Such
information can also be used to predict the
chemical composition of the mature plant
while still at the seedling stage. This is an
important goal in perennial grasses such as
Miscanthus, as it can take at least 3 years

before mature plant composition can be
measured by chemical means. Early
predictions can therefore potentially speed up
the breeding cycle and assist the adoption of
these crops as viable energy alternatives
within a workable timescale. 
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Fig. 4. Glasshouse experiments with Miscanthus at IGER Aberystwyth.
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