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Processing of Bioethanol from
Lignocellulosic Biomass

Rebecca Gunn and Pattanathu K.S.M. Rahman*

School of Science and Engineering, Teesside University, Middlesbrough,
Tees Valley, TS1 3BA, United Kingdom

Abstract

Increasing population and urbanisation combined with depleting
fossil fuel reserves have resulted in the need for the development
of an alternative transport fuel source. Additionally, climate change
associated with fossil fuels has resulted in the need for a greener
energy source. Biofuels are fuels that are derived from biological
sources to be used alone as transport fuel or as part of a fuel blend.
Biofuels may provide a solution to the current fuel crisis and their
need and potential is well-recognised. Bioethanol is a biofuel pro-
duced via the fermentation of sugars. Second generation bioetha-
nol is produced from lignocellulosic biomass found in abundance in
agricultural wastes. The complex structure of lignocellulose results
in the necessity of a multi-step process encompassing: pretreatment,
saccharification, fermentation, and distillation. Process integration
is currently the most promising prospect in second-generation tech-
nologies, and efforts should now focus more on the optimisation of
such integrated processes.

Keywords: Bioethanol, biofuel, lignocellulose, biomass,
second generation, pretreatment, distillation, fermentation,
saccharification, process integration
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2 ADVANCES IN BIOFEEDSTOCKS AND BIOFUELS

1.1 Introduction

The demand for and consumption of energy has never
been higher due to substantial increases in population
and urbanisation. Mass increases in energy are required
by transportation, industrial, and agricultural sectors;
the use of fossil fuels has long played a primary role in
providing for this need. However, in recent decades, it
has been made apparent that this is a limited resource
and reserves are incapable of sustaining the present ris-
ing demand. Major concerns are also raised regarding
the environmental impact of the emissions of ‘green
house gases, such as CO,, when burning fossil fuels.
These issues have given rise to a vital need to develop
new greener sources of energy [1].

Biomass fuels (biofuels) are obtained from currently
harvested biological sources and are not by any means
a recent discovery. Burning plants for light and the use
of solid biofuel for cooking was a common post 20th
Century practice. More recently, the fuel crisis has seen
an increased drive on the development of modern bio-
fuels as an efficient, clean, and sustainable transport
fuel alternative [2, 3]. Interest was renewed in the mid-
1970s when production of ethanol from sugarcane
and corn began in Brazil and the USA. Their need and
potential has since been recognised and is supported
by government policies, with over 50 countries setting
biofuel blending targets and quotas [4, 5].

One of the most predominant biofuels presently being
utilised and developed is bioethanol, C H O, which is
structurally identical to ethanol (see Figure 1.1b). First
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(1st) generation bioethanol is produced from the fer-
mentation of edible sugars and starch sourced from
crops grown primarily for the production of biofuels.
Unfortunately, issues arise in the production of 1st gen-
eration bioethanol as the growth of crops for energy,
as opposed to food, results in reduced food produc-
tion and, consequently, increased food prices. Second
(2nd) generation bioethanol offers a potential solution
as it utilises non-edible lignocellulosic biomass found
in abundance in readily available agricultural wastes
such as corn stover, sugarcane bagasse, straw, and
woodchips [2, 6]. Lignocellulosic biomass is princi-
pally composed of cellulose, hemicellulose, and lignin.
The complex structure of lignocellulose results in the
necessity of a multi-step process to produce bioetha-
nol; an overview of the process is shown in Figure 1.1a
and Figure 1.1b [7].

1.2 Method

1.2.1 Pretreatment

The structure of lignocellulose consists of polymers of
cellulose and hemicellulose encased in lignin; ratios
of these components may vary largely, depending on
the source of the biomass. Pretreatment of the ligno-
cellulosic biomass promotes the depolymerisation
and removal of the lignin outer layer. This structural
deformation results in the exposure of cellulose and
hemicellulose, and an increase in biomass surface area
which is essential for optimal hydrolysis [8].
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Lignocellulosic
biomass

Pretreatment

.......................................
.

Enzyme
H production

Fermentation Fermentation
of pentoses

of hexoses

Distillation

Bioethanol

Figure 1.1a A process flow diagram depicting the key process

steps required in the production of bioethanol from lignocellulosic
biomass. SSF: Simultaneous saccharification and fermentation; SSCF:
Simultaneous saccharification and co-fermentation; CBP: Consolidated
bioprocessing,

Pretreatment methods range through physical, chem-
ical, and biological (see Table 1.1); in some cases, a
combination of methods may be employed to give opti-
mum cellulose/hemicellulose exposure. The method of
pretreatment exploited depends fundamentally on the
biomass source. An optimum pretreatment method
is characterised by the following criteria; minimum
degradation of cellulose and hemicellulose fractions,
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Lignocellulosic biomass

Pentose sugars Hexose sugars

H,OH

Cellulose

Arabinose

Galactose

|

Hemlcellulose
HO
0
6] 0

Cellulose
CH,OH H OH

Figure 1.1b Overview of the key modifications and products attained
at various stages of lignocellulosic biomass to bioethanol processing.
Lignocellulosic biomass consists of cellulose and hemicellulose bound by
lignin. Pretreatment of lignocellulose depolymerises the lignin exposing
the cellulose and hemicellulose. Saccharification aims to hydrolyses
cellulose and hemicellulose into their constituent sugar monomers;
glucose, galactose, mannose, xylose, and arabinose. Fermentation of

the sugars followed by distillation allows the formation and subsequent
recovery of bioethanol. Adapted from [12, 30].

limitation of inhibitor formation, biomass size conser-
vation, minimal energy input, and cost-efficiency. At
present, there is no single pretreatment method which
is thought to encompass all of these traits as each bears
individual advantages and disadvantages including, but
not limited to, those shown in Table 1.1. The initial pre-
treatment step may also influence the selection of other
methods in the remaining process [8, 9].
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