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Bioenergy

Energy and biofuels from biomass

Hypes, hurdles and hopes

The world is heading towards a crisis in providing sufficient food, water and fuel for a rapidly
expanding population, while also conserving biodiversity and mitigating climate change.
Through photosynthesis, plants could provide multiple solutions, helping to secure future sup-
plies of notonly food, butalso energy, chemicals and materials. These roles have to be balanced to
reduce conflict over the limited land resources available for cultivation. In particular, the current
use of some food crop products for fuel should be superseded by the use of non-food biomass.
To achieve this, the recalcitrance of lignocellulose to break down needs to be overcome and
improvements in crop composition and cell walls are required to provide more optimized feed-
stocks for processing and conversion though biological or thermochemical routes. Research
should also focus on improving energy yields of biomass crops on resource-limited land that
is less suitable for food-based agriculture. Finally, the exploitation of high-value products is
also needed to extract maximum value from biomass through the development of integrated
biorefinery systems. In this article, brief highlights are provided of progress already achieved
towards some of these goals. Such endeavours provide opportunities for biochemists to join
forces with crop geneticists, biotechnologists and engineers to provide more sustainable fuels
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and chemicals for the future.

The potential of plant biomass as an
alternative source of energy and fuel

Photosynthesis is the natural energy transformation
where plants use sunlight to concentrate atmospheric
carbon over 1000-fold into chemical energy in the
form of carbohydrate, the first constituent of dry
matter. Plants are primary producers in food chains,
and increased agricultural production will be funda-
mental to achieving future food security. However,
crops are also important resources for fuel, fibre and
natural products. Even before agriculture began, plant
materials were collected for use as a source of heat for
cooking and warmth. Today, such traditional use in
developing countries comprises the greatest source
of renewable energy, constituting two-thirds (48 EJ)
of the total energy use of biomass'. In the developed
world, alternative energies have largely replaced this
practice, but increasing concerns over future fuel
security and rising greenhouse gas (GHG) emissions
has encouraged the industrialized exploitation of
plant biomass for bioenergy/biopower (electricity and
heat), biofuels (transport fuels) and biomaterials. The
future potential of these markets is perceived to be
massive®. For example, values as high as 200-400 EJ/
year were proposed? for the potential global contribu-
tion of biofuels and bioenergy (current energy use is
approximately 500 EJ/year). Although biopower and
bioheat are recognized as key components of the fu-
ture energy mix, alternative renewables also exist (e.g.
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wind or solar). For liquid transport fuels, however, al-
ternatives are more limited, and transport is also the
sector in which emissions are increasing the fastest.
The recognition of the vital role that biofuels could
play in substituting for fossil fuels became widely
promoted, with promises of ‘green gold’ heralded,
and large investments in research and industrial de-
velopment followed.

Concerns over biomass supply

Since the original hype over biofuels, some concerns
have emerged and realism has set in. Vast amounts of
biomass will be needed if renewable energy derived
from plants is to make a significant contribution to
the future energy mixture. How this can be produced
without negative effects on food and other ecosystem
services has become an increasing cause for concern.
A wide variety of biomass can be used for biopower,
including wastes and residues from agriculture and
forestry, as well as dedicated biomass crops, such as
fast-growing trees and grasses. In contrast, biofuel
production at cost-effective large industrial scales is
currently limited to food crops (and algae) using con-
ventional conversion processes that utilize the easily
accessible and convertible portion of the crop as the
substrate. Biodiesel is derived by transesterification of
lipids (e.g. from algae) or oils of crops such as oilseed
rape, oil palm, soya bean and Jatropha. Bioethanol is
produced by fermentation and distillation of sugars or
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starch (after a hydrolysis step) from grain (e.g. maize
or wheat) or sugar crops (e.g. sugar cane or sugar
beet). ‘First-generation’ biofuels derived in this way
provide alternative sources of fuel that are renewable,
but direct conflicts with food production have arisen.
The agricultural practices required to produce the
crops are also intensive, particularly requiring high
inputs of nitrogen fertilizer, which significantly re-
duces the energy savings and GHG reductions that
can be achieved. In addition to direct conflicts with
food production, it has been argued that if the use of
land for biofuels results in conversion of uncultivated
land for food elsewhere (ILUC or indirect land-use
change), loss of considerable carbon stocks in soils
and an overall negative GHG balance may result*.

Research challenges

The challenge ahead, to reduce the problems as-
sociated with first generation biofuels, is to develop
efficient means of exploiting lignocellulose (the cell
wall component of biomass) from non-food biomass
crops and crop residues (such as straw). Lignocellu-
lose is mostly composed of cellulose, hemicellulose,
lignin and pectin, of which the (1-4)-p-linked
glucose cellulose polymer is the most abundant
polysaccharide on Earth®. However, the cell wall is
designed to provide the plant with strength and re-
sistance to degradation. Polymeric linkages between
the lignin, cellulose and hemicelluloses prevent
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access by cellulose-degrading enzymes, limiting  Figure 1. Miscanthus (top) and willow (bottom) are among the perennial crops commercially
the amount of sugars available for conversion. An  grown for biomass. Miscanthus (Miscanthus x giganteus) is a Asian rhizomatous grass that is
initial pre-treatment step is required in which the  established from rhizomes (it is a sterile triploid) and is harvested annually. Willows are dioecious
cross-linkages are removed to enable access by  catkin-bearing temperate trees and are grown in SRC cycles. They are established as cuttings, cut
the enzymes. Different methods exist, including heat  back after 1 year to stimulate the coppiced habit, and then harvested on a 2-3-year cycle.

and acid treatment and steam explosion. These are
costly to perform and also result in the production
of toxic compounds which can inhibit the hydrolytic
enzymes in the conversion process. Biological routes
to conversion use fermentation once the sugars are
released whereas thermochemical routes are based
on production of a syngas, which is converted into
biodiesel (and any other products) through processes
such as Fischer-Tropsch.

Leaving aside the technological challenges
of cost-effectively producing biofuels from
lignocellulose, concerns remain over whether
there is sufficient land to grow lignocellulosic
crops for fuel without conflicting with food pro-
duction and/or causing indirect land use change.
Central to these debates is increasing the amount
of energy produced from land so that more fuel can
be generated from less land requirement. Research
efforts therefore need to focus on optimizing the

energy yield of biomass crops, improving biomass
and cell wall composition and structure, identifying
enzymes that are better able to digest lignocellulose
and improving the efficiency of the pre-treatment,
processing and conversion steps. Among the research
initiatives worldwide addressing these goals is the
UK BBSRC Sustainable Bioenergy Centre (BSBEC),
described more fully in the ‘Biofuels for the Future’
article elsewhere in this issue. The BSBEC-BioMASS
programme (http://www.bsbec.bbsrc.ac.uk/), within
this, led by Rothamsted Research, is focusing on
short-rotation coppice (SRC) willow and Miscanthus,
two commercially grown perennial crops that can
achieve high biomass yields with minimal inputs®
(Figure 1). Miscanthus is grown from rhizomes and
is harvested annually. SRC willows (Salix spp.) are
established from cuttings and grown in SRC cycles
of 3-4 years.
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