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ABSTRACT 
Biomass for fuels from renewable sources has been regarded as a feasible solution to the energy and environmental problems in the foreseeable future. Ethanol 
and biodiesel are predominantly produced from sugarcane, corn kernels, hydrocarbonsor soybean oil. Besides this another bio fuel feedstock, lignocelluloses - 
the most abundant biological material on earth is also being explored. Wheat straw, corn husks, prairie grass, discarded rice hulls or trees, agri-waste provide a 
source of lignocellulose material. Recently cellulosic bio fuels provide promising sequester and convert CO2. The race is on to optimize the technology that 
can produce biofuels from lignocelluloses sources more efficiently—and biotech companies are in the running. Present review provides state of art report on 
the lignocellulose as source for biofuels.  
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INTRODUCTION 
Biomass 
Biomass is defined as the collection of all organic matter 
composing biological organisms. The main components 
utilized for biofuel production are sugars and lipids. The 
major components of plant secondary cell walls are cellulose, 
hemi cellulose and lignin1. Bio fuels offer one of the best 
alternative options as they have much lower life cycle GHG 
emissions compared to fossil fuels. These are liquid fuels 
derived from renewable biological sources2-6. One of the 
directives of European Union (2009/28/CE) imposes aquota 
of 10 % for bio fuel sonall traffic fuel until 20207. The most 
common renewable fuel is ethanol, which is produced from 
direct fermentation of sugars e.g. sucrose of sugarcane or 
sugar beet or polysaccharides, starch from corn and wheat 
grains8. 

 
Bio fuels 
US Department of Energy (DOE) has called for 30 % of 
today’s fuel use to be supplanted by 2030 with ethanol. In 
that scenario, much of the fuel is slated to come from ligno 
celluloses. However lingo cellulosic conversion is about 
three- to fourfold more expensive than a corn grain ethanol 
plant with the same yield. However active researches are 
going on in this field56. 
  
What are available Biomass Resources for Bio fuel 
Production 
Mainly three types of crops are used for bio fuel production: 
· Hydrocarbon  yielding plants 
· Oil yielding plants 
·  Energy crops for starch and ligno cellulosic material from 

plants.  
 
Hydrocarbon yielding plants are obtained from wastelands 
and can be cultivated in saline and alkaline soils unfit for 
cultivation of other crops2. Kumar9 examined the possibility 
of using Calotropis procera for bio fuel. Non edible oil as 
well as edible oil also yields biodiesel on trans esterification. 
The feedstocks for Ethanol production worldwide are sugar 
cane (in Brazil and other tropical locations) and corn for 
ethanol and oil palm, soybean and canola or rapeseed for 

biodiesel. Europeans also use wheat and sugar beets for 
ethanol production. The alternative use of ligno cellulosic 
wastes or plant biomass grown on marginal lands or desert 
areas might represent a promising approach to mitigate the 
well known competition phenomena for land and food use 
(see review10,11. A large number of species have been 
suggested as good sources for cellulosic material for biofuel. 
Several perennial forage grasses in particular are salt-tolerant 
and easy to manage12,13. A perennial, Switch grass (Panicum 
virgatum L.) does not require annual tillage and planting and 
can be done on reserve lands14,15 for its value as forage and a 
bio energy feedstock. Progress in breeding for useful 
variation in cell wall composition is also possible16. Agri 
residue and municipal waste can be used for methano 
genesis. Methane and carbon dioxide are the products of 
second generation fuel. Gasification of coal converts it into 
sugars which can directly be used as fuel. Cellulosic biofuels 
have been reviewed recently17-24. The present review 
compiles state of art work on ligno cellulosic biomass 
conversion technologies.  

 
Strategy for biomass to biofuel  
· First generation bio fuel: It included sugar cane, starch 

seeds, oil seeds and salt and drought resistant hydrocarbon 
yielding plants for growing in wastelands. 

· Second and third generation bio fuels: It included ligno 
cellulosic biomass agricultural waste and conversation 
technologies and altering host material and /or developing 
new enzyme systems25. 

· Metabolic engineering for entire product.  
· Industrial application of bio fuel inclusive of related bio 

products of commercial value from fourth generation 
products. 

 
Second and third generation bio fuels 
It includes Ligno cellulosic biomass, agricultural waste and 
conversion technologies for this have been worked out. In our 
previous review the conversion technology was presented26. 
 
Ligno cellulosic feedstock 
Various species have been suggested as good sources for 
cellulosic material for bio fuel several perennial forage 
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grasses in particular are salt-tolerant and easy to manage12. 
Ligno cellulosic materials are regarded as good candidates 
for the second-generation ethanol production27-28 even if 
cellulose, being embedded with hemicelluloses and lignin in 
the plant cell wall, has a partial crystalline structure and low 
accessibility. Thus, adequate, but costly pretreatments are 
needed to enable its saccharification29. Changes in lignin 
composition have been achieved e.g. transgenic poplar and 
alfalfas have been produced with reduced lignin 
accumulation. These plants have reduced lignin content: from 
17.6 % to ∼14 % in alfalfa and from 20.6 % to 12.8 % in 
poplar17. 
 
Ethanol 
Ethanol, the most common renewable fuel production by 
fermentation, has a long history dating back several thousand 
years. It is produced by direct fermentation of sugars (e.g. 
from sucrose of sugarcane or sugar beet) or polysaccharides 
(e.g. starch from corn and wheat grains)8 
 
Cellulosic bio fuels 
Biological systems utilize photosynthesis to capture and store 
solarenergy in the form of chemical bonds in biomass30. 
Plants produce about 180 billion tons of cellulose per year 
globally, making this polysaccharide the largest organic 
carbon reservoir on earth. Conversion technologies for 
cellulose into ethanol require special treatment as 
lignocellulose matter which is highly recalcitrant. A 
physicochemical pre treatment step is essential to break the 
robust structure of the ligno cellulosic material in order to 
increase the accessibility of cellulose and hemi cellulose 
polymers to cellulolytic enzymes. This facilitates the bio-
ethanol conversion. Different methods of pretreatment e.g. 
physical, thermal, chemical and biological have been 
reviewed and discussed26. Pretreatment with steam explosion 
process, with a partial de polymerization and dissolution of 
the hemicelluloses31 was considered to be best. The current 
trend is to run the processes at high substrate concentrations; 
a technology that is known by several different expressions 
and reviewed by Koppram et al25. However, the study reveals 
that no specific pretreatment method can be directly adopted 
for any ligno cellulosic feedstock without proper pilot plant 
research due to the considerable number of affecting 
parameters and amount of variance involved26.  

 
Microorganisms 
Traditionally, ethanol is produced in the yeast 
Saccharomyces cerevisiae or the proteobacteria Zymomonas 
mobilis32 Santi et al11 reported special strains of 
Saccharomyces cerevisiae Zymaflore F15 for ethanol 
production. The natural pathways for ethanol production 
from sugars in S. cerevisiae and Z. mobilis have led to yields 
exceeding 95 % of theoretical maximum, which is 0.51 g of 
ethanol per g of glucose. However further improvement 
mainly resides in broadening the substrate range, enhancing 
resistance to product toxicity and increasing robustness in 
various process conditions. However natural ethanologenic 
hosts S. cerevisiae and Z. mobilis lack the ability to ferment 
pentoses, which are significant hydrolysis products of ligno 
cellulosic biomass. To tackle this problem, one possibility is 
to introduce pentose-metabolizing pathways into S. 
cerevisiae33-35 and Z. mobilis36. Koppram, et al25 reviewed 
cost-competitive high-gravity (HG) process of ligno-
cellulosic bio fuel production with minimal effects on the 

environment.  The microorganisms have been developed 
resistant to many stress factors affecting the cells during HG 
ligno cellulosic bio fuel production using genome shuffling 
technique to improve the acid tolerance of S. cerevisiae37. The 
over expression of genes (e.g., TAL1, TKS1, ERG2, PRS3, 
and RAV1) that confer resistance to inhibitors has also 
gained interest31,38,39. However, one can express the 
ethanologenic pathways into E. coli, whose broad range of 
carbohydrate metabolizing capacity makes it a top candidate 
for biocatalyst engineering40. 
 
Technological advancement 
Bioconversion 
The bioconversion technologies for liquid fuel production 
have lower capital costs than thermal conversion methods. 
The key steps in bioconversion of lignocelluloses to fuels are 
size reduction, pretreatment, hydrolysis and fuel production 
Biomass transportation costs are reduced by up scaling the 
processing plants through technological innovations.  

 
Pretreatment and hydrolysis 
Ligno cellulose matter is highly recalcitrant and needs 
suitable pretreatment to degrade lignin and ease the way for 
cellulose and hemi celluloses digestion. The latest 
pretreatment research focuses on developing methods which 
are mild, effective, cost-intensive and environment-friendly. 
These include physical, chemical, biological and combined 
approaches. The pretreatment methods are the increase the 
porosity of biomass particles and to increase the accessibility 
of cellulose and other polysaccharides to enzymes. The 
solublization is presumably associated with two types of 
chemical reactions: (a) the hydrolysis of xylans to sugars and 
oligosaccharides with much higher solubility than intact 
xylans and (b) the hydrolysis of lignin-xylan or xylan-xylan 
esters and of acetyl groups on polysaccharides35. Besides, 
additional strategies to improve the quality of subsequent 
enzyme hydrolysis and fermentation have been applied, 
which include multi-enzyme action, non-catalytic additives, 
high solids operation, multi-microbial systems, strain 
improvement, simultaneous pretreatment and 
saccharification, and efficient design of bioreactors26. 

 
Next generation bio-fuels shall involve technical 
components 
· Biological sciences: Plant biotechnology, Cellular and 

molecular biology, microbial /industrial biotechnology. 
· Chemical technology sciences: catalysis, reaction 

engineering and separations 
· Feeding strategies: The enzymatic hydrolysis limitations 

could be overcome by feeding strategies as suggested by 
Koppram et al.25 in his recent review. One strategy is 
with the enzymes either present in the reactor from start-
up or fed into the reactor together with the substrate. 
This has shown beneficial effects on ethanol yield in fed-
batch SSF of spruce at high dry matter41. In another 
study, using corn cobs as raw material, the gradual 
feeding of acid/alkali pretreated corn cob up to 25 % w/v 
dry matter ensured high hydrolysis yields, corresponding 
to a 15–20 % increase compared to batch processes with 
similar enzyme loadings36. 

 
Bio refineries 
Nowadays, there is little commercial production of ethanol 
and ethanol derivatives from cellulosic biomass, but R and D 
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is ongoing not only in Canada and USA, but also in Europe. 
For instance, in addition to the current 200 bio refineries 
operating in the USA in 2009, over the last year at least 28 
advanced biofuel companies have started or planned 
cellulosic ethanol plants42. 

 
DISCUSSION 
Bio fuels offer one of the best alternative options as they have 
much lower life cycle Green House Gas emissions compared 
to fossil fuels. These are liquid fuels derived from renewable 
biological sources5,43-45. One of the directives of European 
Union (2009/28/CE) imposes a quota of 10 % for bio fuels on 
all traffic fuel until 202048. Although liquid biofuels are 
currently made almost entirely from sugar, starch or fats and 
oils, we believe that the use of food for fuel is not sustainable 
in the face of expanding demand for food, feed, and fiber and 
that the long-term opportunity to produce fuels from biomass 
will be largely restricted to using lignocelluloses and possibly 
algal lipids or terpenes. Ligno cellulosic feed stocks such as 
forest  and agricultural residues, switch grass, woody plants 
and mixtures of prairie grasses, biomass from Calotropis 
procera, and other desert plants have been proposed to offer 
energy and environmental and economic advantages over 
current biofuel sources, because these feed stocks require 
limited or almost  no agricultural inputs than annual 
crops23,49-51. Recent biotechnological advances made it 
possible to utilize biomass as a source for fuel molecules 
which can be divided into two phases: carbon chain 
elongation and functional modification. In addition to natural 
fatty acid and isoprenoid chain elongation pathways, keto 
acid-based chain elongation followed by decarboxylation and 
reduction has been explored for higher alcohol production. 
Second-generation bio fuel production from ligno cellulosic 
feed stocks (e.g., waste biomass and municipal solid waste) 
has been suggested to satisfy future EEC requirement for 
biofuels25,52,53 Ligno cellulosic materials are regarded as good 
candidates for the second-generation ethanol production48,49 
even if cellulose, being embedded with hemicelluloses and 
lignin in the plant cell wall, has a partial crystalline structure 
and low accessibility. The ligno cellulosic ethanol production 
process has been a widely researched area in order to 
understand the bottlenecks that exist at each of the process 
steps and a significant progress has been made to overcome 
the challenges28,54 Thus, adequate, but costly pretreatments 
are needed to enable its saccharification29. Bioenergy can 
positively contribute to climate goals and rural livelihoods; 
however, if not implemented carefully, it could exacerbate 
degradation of land, water bodies and ecosystems; reduce 
food security; and increase greenhouse gas (GHG) emissions. 
For large-scale commercial biofuels to contribute to 
sustainable development will require agriculturally 
sustainable methods and markets that provide enhanced 
livelihood opportunities and equitable terms of trade. The 
challenge lies in translating the opportunity into reality. 
 
CONCLUSION 
Although biofuel production is intrinsically an engineering 
problem, new developments in molecular biology, metabolic 
engineering, and systems biology enable wider choice of 
possible fuel molecules and production platforms. Ligno 
cellulosic biomass requires pretreatment. The pretreatment 
methods vary a great deal based on the feedstock used and 
hence, no single best method can be concluded. To enhance 
the production capacity of these pathways, metabolic 

engineering and protein engineering have been applied to (a) 
seek the best combination of genes from a variety of 
organisms to compose pathways in user-friendly hosts, (b) 
fine-tune the activity of different genes within the synthetic 
pathways, and (c) tailor individual enzymes for higher 
efficiency or novel catalytic ability.  In summary, biofuel 
production with its interdisciplinary nature represents great 
challenges and opportunities for chemical and bio molecular 
engineers. The rapidly advancing tools will pave the way for 
biofuel to become a significant solution to energy and 
environmental problems. During production of this article, 
isobutanol production directly from CO2 was achieved using 
photosynthetic bacteria55.  
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