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LIGNOCELLULOSIC BIOFUELS - CHALLENGES
AND POTENTIALS
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ABSTRACT

Lignocellulosic biomass consist of inedible parts of woody grass plants, stalk of sweet sorghum and
agricultural residues, are the sources for the 2 generation biofuels. Lignocellulosic biomass comprises
of many different polysaccharides cellulose, hemicelluloses, phenolic polymer lignin and proteins. The
problem of the 2M generation feed stock is the extraction of the sugars located inside the lignin and
cellulose structure. To convert lignocellulosic biomass to biofuels the complex polysaccharides and lignin
must be broken down or hydrolysed into simple sugars. This process of bioconversion of cellulose to
ethanol involves pre-treatment, saccharification and fermentation. The other challenges include types of
the biomass and their availability round the year, logistics, and production technologies. These
challenges take in identification and improvement of energy crops like sweet sorghum, switch grass,
miscanthus, alfa alfa, etc., by biotechnological approaches by generating feed stocks with low lignin
content and modified traits which can tolerate biotic and abiotic stresses with improved cellulose content.
Down regulation of key enzymes involved in lignin biosynthetic pathway may be a promising approach to
decrease or alter the hard lignin content in lignocellulosic feed stock materials. With the advent of genetic
engineering and crop improvement strategies in energy crops may provide continuous supply of feed
stock for the production of biofuels as an alternative source of energy. To benefit the environment and
also to meet the global demand of fossil fuels, the biofuels produced from lignocellulosic biomaterial by
biotechnological route may help in decreasing the emission of green house gasses and also save our
food crops.
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INTRODUCTION

In developing countries growing population, increased
fossil fuel use and competition for limited resources for
fertile land, water and demand for vehicle fuels is
increasing and excess use of petrol and diesel leads to
increasing atmospheric CO, concentration, and the
potential for S|gn|f|cant greenhouse gas-mediated
climate change The International Energy Agency (IEA)
expects that biofuels will contribute 7% of total fuel use
by 2030. First generation biofuels are produced directly
from food crops like sugarcane, maize and oilseed crops
like peanut and soybean. Bio- ethanol is eventually
derived from starch, sugar and vegetable oils. Important
to note that the properties and structure of the biofuel
itself does not change between generations, but rather
the source from which the fuel is derived changes.
Maize and sugarcane are the most commonly used first
generation biofuel feed stock. Second generation
biofuels widely known as lignocellulosic fuels and these
are most promising renewable resource for biofuel
production. What separates them from first generation
biofuels is the fact that feedstock used in producing
second generation biofuels are generally not food crops
and these lignocellulosic generation biofuels are derived
from different feed stocks which include mostly inedible
parts of woody grass plants, stalk of sweet sorghum
plants and agrlcultural residues are the major sources
for the 2™ generation biofuel production. Second
generation bioethanol production fulfils the impractical
gap of first generation since it employs non- edlble
feedstock sourced from agriculture and forestry wastes”.

Lignocellulosic and starchy materials in their biomass is
convertible to fermentable sugars that are able to be
further processed, resulting in bioethanol as the end
product. Ligncellulosic biomass is an abundant
renewable feedstock source that can be converted
biofuels by using chemicals and fermentation process.
Plant cell wall mainly composed of three organic
polymers: cellulose, hemicellulose and lignin. These
polymers are also major components of lignocellulosic
biomass. 40-45% of Cellulose monomer molecules D-
Pyran glucose units arrange regularly by beta 1-4-
Glycosidic bonds, gather into bundles, and determine
the framework of the cell wall. Fibers are filled with 25-
30% of hemicellulose monomers D-Xylose, mannose, L-
arabinose, galactose, glucuronic acid with [(-1-4
Glycosidic bonds in main chains and - 1-2, -1-3, and
B- 1-6-glycosidic bonds in side chains™ and 20-25 % of
lignin made up with three monomers Guaiacylpropane
(G), syringylpropane (S), phydroxyphenylpropane by
various ether bonds and carbon-carbon bond, mainly B-
O-4 ether bond®. The structure of the plant cell wall is
compact and different bonding among cellulose,
hemicellulose, and lignin exists. Cellulose and
hemicellulose or lignin molecules are mainly coupled by
a hydrogen bond. In addition to the hydrogen bond,
there is the chemical bonding between hemicellulose
and lignin.

CHARACTERISTICS OF
LIGNOCELLUOSIC BIOMASS

Lignocellulosic materials including agricultural wastes,
forestry residues, grasses and woody materials have
great potential for bio-fuel production. Their biomass is
made up of complex structural polysaccharides,
cellulose, hemicelluloses and lignin *% Several second
generation biofuel crops like sweet sorghum feed stock
consists of cellulose (45%), hemicelluloses (27%) and
lignin (21%) are constituents of plant cell walls.”

Typically, most of the agricultural lignocellulosic biomass
is comprised of about 10% - 25% I|gn|n 20% - 30%
hemicellulose, and 40% - 50% cellulose.®® Cellulose is
the most common and abundant component of all plant
matter and is responsible for mechanical strength and
chemical stability to plants. While, hemi-cellulose consist
of repeated polymers of pentose, and hexose sugars
and depending upon the source their structural
composition varies." Whereas the lignin contains three
aromatic alcohols (coniferyl alcohol, sinapyl alcohol and
p-coumaryl alcohol) produced through a biosynthetic
process and forms a protective seal around the other
two components ie., cellulose and hemicelluloses.
Polysaccharides are cross linked in the plant cell walls
with the hydrophobic network of lignin. Lignin physically
obstructs enzymatic bioconversion as |t plays negative
role in converting biomass to biofuels'". Delocalization
of lignin is crucial and essential to enable complete
digestion of secondary cell walls of plants by cellulase
and hemicellulases. Different crops and their biomass
composition and their biofuel yield mentioned in table 1.

CHALLENGES OF LIGNOCELLULOSIC
BIOFUELS

The most promising technology for the conversion of the
lignocellulosic biomass to fuel bio-ethanol is based on
the enzymatic breakdown of cellulose using enzymes.
The complex materials present in plant cell wall are
highly  recalcitrant  towards bioconversion of
carbohydrates into bio-ethanol, bio-butanol compared to
simple polysaccharide starch. The conversion of
lignocellulosic biomass to bio-ethanol involves 3 major
process viz., pre-treatment with strong acid or alkali
followed by polysaccharide hydrolysis to simple sugars
followed by bioconversion of S|mple sugar to bio-ethanol
through fermentation process.'> The presence of lignin
in plant cell walls negatively impacts these conversion
steps and mterferes with the fermentation to produce
biofuels.”'* Plant cell walls binds together with lignin
with three well known monolignol precursors : p-
coumaryl alcohol, coniferyl alcohol, and sinapyl alcohol.
These result, respectively, in the hydroxyphenyl (H),
guaiacyl (G), and syringyl (S) monomer units of the
lignin polymer. The relative proportion of monolignols
determines the ease of cell wall deconstructlon by
enzymatic or biocatalyst-mediated mechanisms."® The
polymerization of three monolignols and their cross-
linking with phenolic acids to hemicellulosic sugars are
keys to the recalcitrance of cell walls to enzymatic
hydrolysis that is required to release sugars for biofuel
production. High S/G ratios are con3|dered favorable for
deconstruction in anglosperms ® but the reverse is true
for alfalfa, and switchgrass. ®'" To increase the surface
accessibility of carbohydrate polymers to the hydrolytic
enzymes, which is a key step toward efficient utilization
of biomass for bio-ethanol or other advanced biofuels
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production through pretreatment process. Lignocellulose
conversions carried out at <50°C have several
limitations and recent research efforts focuses on the
importance of thermophilic bacteria and thermostable
enzymes to overcome the limitations of eX|st|ng
lignocellulosic biomass conversion processes. *This
treatment has been considered as the most expensive
processing step in cellulosic ethanol processes,
representing about 18% of the total cost.” Therefore,
developing a cost-effective and efficient biomass
pretreatment technology is the most critical need for
lignocellulosic biofuels. Attempts to exploit
Lignocellulosic biomass into commercial ethanol
production, recent research efforts have been devoted
to the techno-economic improvements of the overall
conversion process, |n addition to screen out promising
feedstock materials®

MODIFICATION OF LIGNIN
CONTENT IN FEEDSTOCK MATERIALS

Lignin tightly binds to hemicellulose and cellulose,
thereby blocking the access of hydrolytic enzymes, and
also inhibiting the activities of hydrolytic enzymes and
the process of fermentation during the bioconversion
stages Through advent of Genetic engineering we can
directly manipulate the genes involved in the lignin
biosynthetic pathway by RNAIi silencing, blocking the
expressmn of the genes by artificial zinc finger
chimeras.?? or by manipulating transcription factors that
regulate the expression of single to multiple lignin
synthesis gene(s).”>*** Silencing the gene(s) involved
in the monolignol biosynthetic pathway is currently the
most straight forward way to reduce lignin content.
Down-regulation of any of enzymes involved in lignin
biosynthetic pathway viz., the Caffeic acid 3-O-
methyltransferase EC 2.1.1.68 (COMT), Cinnamyl
alcohol dehydrogenase EC 1.1.1.195 (CAD), 4-
Coumarate: coenzyme A ligase EC 6.2.2.12 (4CL) etc
in the feed stock materials to produce transgenic plants
with a normal growth phenotype, but with reduced lignin
content, altered lignin composition, we can increase
saccharification efficiency, and in return increase bio-
ethanol and other biofuels production. Most of the lignin
biosynthetic enzymes have been down regulated in
different crops by RNAi and Antisense technology for
theproduction of lignocellulosic biofuels. (Table 2)

POTENTIAL OF LIGNOCELLULOSIC
BIOFUELS

Lignocellulosic biofuels are gaining attention as a
possible solution to decrease our dependency on fossil
fuels imported from oil reserve rich nations and produce
a cleaner burning fuel while not significantly affecting the
price of agricultural commodities. Production of biofuels
from lignocellulosic biomass could alleviate the
dependence on fossil fuels, and this notion has led to
developing biofuel feedstock from crops like

switchgrass, sweet sorghum, miscanthus, alfalfa and
also focus on new biofuel conversion technologies.?
Lignocellulosic biomass has considerable environmental
and resource advantages over non-renewable fossil
fuels. Second-generation biofuels are made by turning
crops into liquid fuels using more sophisticated chemical
processes and include biohydrogen i.e., hydrogen gas
made from crops and mixed alcohols like bioethanol,
biobutanol etc. They are generally more efficient than
first-generation biofuels because they release more
energy per volume, and some crops like sweet sorghum
are beneficial in making grain for food and also enable
to make biofuels from the stalk materials. To reduce
greenhouse gas emissions ceIIqusm ethanol is a
promising technology in near future.”’

FUTURE
BIOFUELS

REQUIREMENT OF

The Government of India has planned to boost biofuels
market over the next few years and 5 % blending of
biodiesel with regular diesel and 10% ethanol with
gasoline could boost the market from 65 billion rupees
to 500 billion rupees by 2022 The country would
require 6.75 billion litres of biodiesel and 4.5 billion litres
of ethanol for blending over the next six years. The
Government of Brazil enhanced blending of ethanol for
gasoline from 25 to 27 per cent in the year 2015.
Brazilian ethanol production is projected at 30.68 billion
litres of ethanol from sugarcane for the year 2016. The
ethanol-use mandate has been mandatory in Brazil
since 1977 blend of ethanol to gasoline and now rise of
25 per cent. In case of biodiesel, a blend of 10 per cent
recommended by the end of 2020. The continual
growth in commercial aviation fuels and more stringent
environmental legislations have led to immense interest
in developing green aviation fuels from renewable
lignocellulosic biomass. The biofuels derived from
sawdust basically met the major specifications of jet
fuels by a novel transformation of biomass into bio-jet
and diesel fuels involving catalytic pyrolosis, alkylation
and hydrogenation of saw dust. This transformation
potentially provides a valuable path for the development
of green aviation biofuels utilizing lignocellulose biomass

*To meet the global demand and decrease the
utilization of fossil fuels, generation of biofuels from
lignocellulosic biomass is the major route. Without
diverting the food crops like maize and sugarcane and
also without disturbing the cultivable lands for the
production of bio-ethanol and higher alcohols,
lignocellulosic biomass plays an vital role with the aid of
genetic engineering and development of energy crops
and better utilization of lignocellulosic biomass. Further,
generation and utilization of biofuels benefit the
environment by decreasing the emission of green house
gasses and further economically benefit the farmers in
adaptation of cultivating energy crops for the production
of biofuels.
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Table 1
Biomass composition of various energy crops and their biofuel yield
. Sugar . .
Item Sweet sorghum Switch Grass cane Maize Miscanthus Alfa Alfa
Photosynthetic type C4, perennial C4, perennial per(e;,-ﬁhial C4, perennial C4, perennial C4, perennial
Crop duration 3-4 months Once or twice 12-18 4-6 months 3-4 times from Three to four times
per year months second year onwards a year
Lignin(%) 25 12 10 7 12 20
Cellulose(%) 45 45 40 35 45 50
Hemicellulose(%) 30 31 27 16.8 27 30
Glucose — 306g/Kg
Sucrose - 70%, Sucrose 4-12% Glucose-36.96% biomass
Fermentable Glucose- 20%, Glucose Sucrose oli om(-:ric Xylose-22.12% Xylose- 99g/Kg
sugars (%) Fructose - 10% Fructose (99%) sgu ars Mannose biomass
(18-27%) 9 Arabinose Arabinose- 21g/Kg
biomass
Biofuel yield 220g /Kg Dry stem 19.5 182g of ethanol
(Ethanol) biomass 421 gal/acre gal/ton 756 gal/acre 1198 gal/acre from 929 of glucose
Table 2
Down regulation of lignin biosynthetic enzymes in different
crops for lignocellulosic biofuel production
Energy Crop Switch Grass Sugar cane Maize Alfa Alfa
C4H®
HCT®
4cL® coMT C3H*
Enzymes down regulated comT®% CcomMT® 33  CCoAOMT®
CAD* CAD COMT40
F5H %
CAD¥
Targeted approach RNAI RNAi Antisense Antisense
C4H: Cinnamate 4-Hydroxylase (EC 1.14.13.11)
C3H: Coumarate 3-Hydroxylase (EC 1.10.3.1)
COMT: Caffeate O-Methyltransferase (EC 2.1.1.68)
CCOAMT: Caffeoyl-Coenzyme A O- Methyltransferase (EC 2.1.1.104)
F5H: Ferulate 5-Hydroxylase ( No EC number Assigned)
4CL: 4-Coumarate: Coenzyme A Ligase (EC 6.2.1.12)
CAD: Cinnamyl Alcohol Dehydrogenase (EC 1.1.1.195)
CONCLUSION Further, lignocellulosic fuels may replace use of fossil

Reduced lignin content in lignocellulosic biomass to
improve saccharification efficiency through enzyme
hydrolysis, reduce the cost of biofuel production.
Reducing lignin content has increased cellulose
hydrolysis efficiency in model plants such as alfa alfa
and Arabidopsis®. Further improvements of feedstock
quality in other plant species by genetic engineering
along with efficient bioprocessing and conversion
technologies will lead to economical biofuel production
in near future. By using biotechnological approaches in
generating feed stocks with low lignin content and
modified traits which can tolerate to biotic and abiotic
stresses the generated lignocellulosic biofuels may bring
benefits to developing countries by reducing their
dependency for oil from mid-East countries and also
increase in economic growth of marginal farmers.

fuels to produce significantly lower green house gases
and also save our food crops in diverting them for
bioconversion to biofuels.
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