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hat is biorefining?

The concept of the biorefinery is essentially identical
to that currently used within the petrochemical
industry, i.e., fractionation or conversion of
feedstocks into high value products. Instead of using
oil as the feedstock to ‘crack’, the idea is to separate
or convert biological feedstocks, usually referred to

as biomass. In its broadest terms, ‘renewables’ could
mean any organic matter that becomes available on a
continuous basis. This could include grasses, energy
crops such as willow or Miscanthus, agricultural
feeds, or organic waste streams from animals and
plants. Rather than attempt to encapsulate all these
diverse areas, the focus in this article will remain on
the applications of plant biomass.

W

Fig. 1. A clear plastic tub composed
of polylactide (PLA) derived from
biorenewable material.
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The molecules produced by biorefining can be
obtained using thermal, chemical, mechanical,
enzymatic or microbial processes, and can be used in
transport fuels, therapeutics, food additives or as
secondary chemicals with a range of applications.
The goal in biorefining is to isolate all the added
value from the biomass feedstock, resulting in little
or no waste. This will not only improve the
economics so that such processes can compete with
the petrochemical industry, but will also lower the
overall environmental impact.

Some history
The process of converting biorenewables into useful
and higher value compounds is not new. For
example, sugarcane has been used in the production
of bioethanol since 6000 BC. Lactic acid was first
discovered by C. W. Scheele in 1780. Its production
was developed into an industrial-level fermentation
by A. Boehringer in Germany in 1895, with
subsequent uses in the food, leather and textile
industries. Even to this day, lactic acid is used as a
preservative, flavour enhancer and aciduant in the
food industry. It is also used in the chemical industry
to produce a host of compounds such as lactate ester.

A new development in the biorefining of lactic acid,
more than a century after its first large scale
production, can be found in its usage in the
formation of bio-based plastics. Polylactide or PLA
is not only cost-competitive with petrochemical
derived plastics, but can also offer mechanical
properties which match or exceed those of a
conventionally-derived polymer. What is equally
important, not only from an economic standpoint but
also from an environmental perspective, is that it
takes 30-50% less fossil fuel to produce PLA
compared to a similar petrochemical product. Such
advantages have seen this product adopted by both
the food industry and supermarket chains for the
ubiquitous clear plastic food container.
NatureWorks, one of the major PLA producers,

anticipates that the global market could reach
500,000 tonnes by 2010, demonstrating how
competitive bio-based products are now becoming.

Why biorefining and biorenewables?
During the industrial revolution, coal became the
energy source of preference, displacing biomass
fuels such as wood. Since then a steady migration
towards fossil fuels has continued, moving further
away from biomass, not only for energy but also for
sources of chemicals used to make everyday items.
An excellent example of this is furfural which can be
obtained from oat hulls. Until the 1960’s, DuPont
used biologically-derived furfural to produce nylon-
6.6; however, its current source originates from
fossil fuel.

Depletion of oil reserves will likely have a negative
impact on the price effectiveness of such fossil-fuel
sources in the foreseeable future however. Estimates
for oil production see a peak in output between now
and 2050 and, as availability declines, prices will
rise. [This has been all too obvious in recent years
as the overall trend in oil price has been to steadily
increase]. This situation may be exacerbated by
problems with ‘security of supply’, when availability
could be further restricted by oil-producing states.
Industry is therefore now being encouraged to take a
more imaginative approach, looking beyond oil and
identifying bio-based systems as valuable
repositories of essential chemical building blocks.
These chemicals are the foundations of our modern
lifestyle and can be found in products as diverse as
foods and fabrics.

The urgency for discovery of more renewable
sources has further implications directly impacting
on our ‘stewardship’ of the planet. Few would now
dispute the negative effects of intensive
industrialisation on the environment and climate
change. One measure taken to address this within a
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UK context is the Renewable Transport Fuel
Obligation (RTFO) which promises a 5% renewable
component to transport fuels by 2010. The RTFO
recognises the need to use ‘oil alternatives’ and
demonstrates a commitment to the bio-based
economy. The transport fuel additives that will most
likely be used to meet the 5% target are bioethanol
and biodiesel, both biorefined from plant-based
feedstocks and contributing to a substantial
reduction in UK carbon emissions.

The potential for biomass
There are excellent examples demonstrating that the
biorefining of renewable materials is expanding.
For example, in 2003 approximately 31.5 million
tonnes of bioethanol were produced worldwide, of
which 11 million tonnes were produced in Brazil
from sugarcane and 8.7 million tonnes in the USA,

mainly from maize starch. The chief applications at
the current time are in the food sector (10%), as a
solvent or a building block chemical (21%), or as a
transport fuel (69%). Indeed, approximately 90% of
the world’s supply of ethanol is now produced from
agricultural feedstocks using fermentation. This one
example demonstrates the global impact bio-refining
could have if developed and adopted more
comprehensively, encapsulating a variety of key
molecules.

To develop these figures further, 2004 statistics show
that 11% of all the maize harvested in the USA was
converted to bioethanol, supplying 1.7% of fuel
demand. By 2030, the USA has set itself a target to
satisfy 30% of its transport fuel needs via the
biomass route. Notably, if all the available maize in
the USA were converted to bioethanol this would
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Fig. 2. A large scale biorefinery in the United States.



IGER INNOVATIONS 2007

53

T
H

E
B

IO
R

EF
IN

IN
G

O
F

B
IO

R
EN

EW
A

B
LE

S

only meet half the target. There is, therefore, a
realisation that other forms of biomass must be
investigated to assist in achieving the target and to
help safeguard food supplies.

Fuel derived from lignocellulose, which has sources
including perennial ryegrass, Miscanthus and
switchgrass, is one of the most attractive alternative
propositions, since there is global availability, yields

Fig. 3a. Grass – a feedstock for biorefining? Fig. 3b. The harvesting of sugarcane.
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are high and such feedstocks will not impact on food
production.

Fuel, however, is only part of the equation. There is
the potential to derive a wide range of industrially
important molecules from feedstocks such as high
sugar grasses and thereby assist in reducing carbon
outputs. Both Europe and the USA are
demonstrating their commitment to controlling
climate change in this manner, aiming to show how
activities such as biorefining can ultimately reduce
carbon emissions and thereby global warming.

The Centre for Advanced Renewable Materials
(CARM) and IGER have recently won a DTI award
on the SERF (Succinic Esters from Renewable
Feedstocks) Programme to investigate the
production of lactic acid and other platform
chemicals from high sugar grasses. In essence, this
research will be investigating a high tech ensiling
process and could provide a much needed boost to
the farming economy in Wales and in the UK as a
whole. IGER is also collaborating with Swansea
University and the Wales Energy Research Centre
(WERC) to examine methods of producing
bioethanol from lignocellulose feedstocks. This
work has synergy with IGER research programmes
to improve the traditional digestibility of grasses,
which have their origins in converting grass into
meat and milk.

In the UK, there are a number of potential
advantages to using lignocellulose from grasses as
the main feedstock for biorefining rather than, for
example, wheat. Grasses grow on 50% of UK
agricultural land - which is a much greater range
than that for wheat. The theoretical energy balances
for producing platform chemicals also favour the use
of lignocellulose from grasses rather than from
grain, with the CO2 equivalent emissions for
producing bioethanol from grasses being estimated

to be significantly lower than when using grain.
There are also advantages based around the reduced
nitrogen inputs for perennial grasses, the potential
for less soil erosion and for protection of rural
communities by allowing diversification away from
meat and milk towards crops such as Miscanthus.
Whilst these advantages look attractive on paper,
however, much research still needs to be conducted
to demonstrate the reality.

The ‘pros and cons’ for biorefining
One of the main areas of difference between the
typical petrochemical refinery process and
biorefining lies in the consistency of feedstock.
Whilst oil varies little in composition, variation in
renewable-based feedstocks can be dramatic, both
geographically and over time. From one viewpoint,
such variation is a disadvantage, as end products
might vary in consistency and yield; however, if
complexity is desirable, i.e., looking to obtain a more
expansive range of molecules, then a biological
route is advantageous.

One of the biggest disadvantages of biorefining
compared to using petroleum resources is in the
diversity of technologies required to obtain the end
products. These include:
• Plant breeding and genetics to underpin the
development of new varieties with traits that
make them amenable for processing

• Mechanical processes such as juicing or
extrusion to obtain the feedstock

• Chemical treatments with acids and alkalis
• Thermal treatments
• Simultaneous thermal and chemical treatment
• Sub- or supercritical fluid extractions
• Enzymatic digestion
• Bio-transformations using microorganisms

In addition, because the variation in feedstock is
potenially so large, (ranging from relatively simple
sugars to complex polysaccharides such as starch,
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cellulose and hemicellulose, as well as more
complex sources such as lignin, triglycerides, lipids
and proteins), the biorefinery systems developed will
need careful optimisation in relation to the input
material. While some of the technologies for
optimising the processing are well developed, other
mechanisms which could be used to maximise the
release and utilisation of sugars from cellulose and
hemicellulose are not so mature.

With it already being recognised that maize in the
USA will be in too short a supply to fulfil the total
transport fuel demand for bioethanol, resources are

now focusing on lignocellulose feedstocks such as
switchgrass. In this regard, the UK has the
opportunity to develop parallel or, indeed, superior
technology based on high sugar grasses and
Miscanthus. Such developments would ensure that
Wales and the UK remain at the forefront of
biorefining and biocomposites research, and that we
fulfil our obligation to climate change by reducing
carbon emissions.

Fig. 4.
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