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Introduction
Rice is consumed by more than fifty percent of the global population. The production of raw rice is 755.45 million tonnes which is third to the global production after maize (1,148.4 million tonnes) and wheat (765.7 million tonnes) (Statistical Year Book, World Food and Agriculture 2021). Providing major cereal grain to the world population, rice produces abundant biomass as by-product which is chiefly composed of lignocelluloses. Rice straw is one of the abundant lignocellulosic waste materials in the world. Each kilogram of rice grain harvested is accompanied by production of 1-1.5kg of straw (Maiorella, 1985). It is estimated that about 755.4-1133.1 million tonnes of rice straw is produced per year globally and 266.46 million tonnes of straw produced in India of which a large part is going as cattle feed and rest remains as waste. Annually rice straw can produce 315 billion litres of bioethanol (Bala et al.2008). Apart from rice straw and husk, other lignocelluloses biomass are wood and agricultural crop residues, e.g. wheat straw, and sugar beet pulp are potential raw materials for producing several high value products like fuel ethanol and bio diesel. 
Up to 80% of the lignocelluloses is polysaccharides (Kaparaju et al. 2009). The management of this bulk of rice straw is not easy because of its low density, slow bio-degradation, carrying of pest and diseases, and high mineral content. The biomass present on earth is decomposed naturally through uncontrolled bio-degradation and releases methane (CH4) which is one of the most important factor of green house effect or global warming. If this methane (CH4) could be harvested it would be used as clean energy by the other hand reducing the green house gas (GHG) emissions (Mussoline et al., 2013a). Now a days due to use of combined harvesters, ﬁeld burning is the major practice for cleaning of rice straw, which increases the air pollution in the local biosphere and consequently affects public health (Mussatto and Roberto, 2004). Burning of rice straw increases the quantum of green house gases (GHG) such as CO2, CH4, CO, NMHC (Non methane hydrocarbons), N2O, SO2, NO2 (nitrous oxides) and PM (particulate matter)  in the atmosphere which is the major factor contributing to the climate change of global warming and is a direct threat to development (Stocker et al., 2013). The anticipated threat of the unused agro-industrial residues, growing energy crisis in developing world and development of science and technology, it is pertinent to find the alternative uses of this biomass for energy applications. These renewable raw materials look promising for replacing environmentally unfriendly fossil hydrocarbon raw materials and hence, creating ”green” products. It is convinced that rice straw would be potential to meet our future energy needs in a great deal. In contrast to traditional fuels, fermentation ethanol does not contribute to the greenhouse effect, being a CO2 neutral resource. The energy potential of paddy depends on the lower heating value (LHV) which depends on the ash content of paddy straw (Yodkhum and Sampattagul, 2018).
The concept of bioethanol to be the next generation fuel for automobiles due to its neutral carbon content and being produced from the renewable biomass resources like lignocellulose, the biomass which is mostly produced from rice culture and is considered as a major by-product of agriculture industry. Rice straw is generally composed of cellulose 32-47%, hemicellulose 19-27%, lignin 5-24% and ashes 18.8%. The pentose sugars dominate in hemicelluloses in which xylose is most abundant sugar and it is followed by arabinose and hexoses. The rice straw contains glucose 41-43.4%, xylose 14.8-20.2%, arabinose 2.7-4.5%, mannose 1.8%and galactose 0.4% in its carbohydrates (Maiorella, 1985; Roberto et al., 2003). There are many hinderances in the production of bioethanol from lignocellulose of rice straw i.e., pre-treatment, hydrolysis and fermentation process. A brief discussion on  various processes of  pre-treatment, hydrolysis, saccharification and fermentation for bioethanol production that will resolve technological problems to frame low cost, efficient, economic and environment friendly  processes of ethanol extraction.
The oil wealth of allies made defeated the Axis countries i.e., Germany, Italy and France in the World War II. In the fourth war between Arabs and Israel in October 1973, the Arab oil producing countries imposed a petroleum embargo on pro-Israel western countries which increased the international oil price more than double the existing price and it was the first international oil crisis which traced back the GDP more than 3% of almost all countries. The warring countries had felt their energy crisis during war and after World War II; the rapid recovery and development of the global economy greatly increased the dependence on oil or energy and the concept of energy security became equally important as the national security. In November 1974, under the leadership of United States with 16 industrialized western countries, International Energy Agency (IEA) was constituted whose prime objective was to address the disruption of energy supply of the member countries. Now it is in reality that the development of a nation is highly dependent on both of its strong hold on food security and energy security.
Ethanol is one type of alcohol it is made from plant sugars obtained from agricultural biomass through the process of fermentation. The agricultural biomass may be a crop plant, plant product or residue of crop plant after harvest of crop that contains the sugars. World mineral oil reserves are depleting rapidly and ethanol has become as one hope of alternate liquid fuel to accelerate the wheel of development which is dependent of consequent energy source or most remarkably on mineral oils. The directions of economy of production and the impact of its production on environment is critically being studied by researchers. The history of production of alcohols and alcoholic beverages is very old as civilization of human society. It is viewed that pure ethanol with better distillation technique was produced during twelveth to fourteenth century. At that time alcohol was produced for use in medical drugs and preparing of painting materials. During 12th century in Ireland ethanol was first produced from starchy materials perhaps for beer industry. Ethanol was well known as lamp illuminant in 1850s and about 410 million litres of ethanol was produced in U.S. in 1890s. The cheap rate of kerosene as illuminant suppressed the production of ethanol during that period. When the economic distillation process was used in ethanol production in 19thcentury, the production of ethanol turned to be an industry with its huge production. In the beginning of the twentieth century alcohol was known to be used as fuel for automobiles or combustion engines. The assumed oil crisis during 1980s, the emphasis on production of bioethanol was renewed ease the difficulties of dependence on mineral oil. Twenty-five federal agencies carried out different ethanol programs and the National Alcohol Fuels Commission (NAFC) was established to study the potential for alcohol based biofuels. Ethanol gained further support in 1980 when Chrysler, Ford and General Motors released statements that ethanol with blends of up to 10% would be covered in their vehicle warranties. Interest in the use of bio-fuels worldwide has grown strongly in recent years due to the limited oil reserves, concerns about climate change from greenhouse gas emissions and the desire to promote domestic rural economies.
Potential for rice straw in bio-ethanol production
Production of ethanol from biomass is gaining popularity as an alternative to mineral oil or gasoline. But it may be termed as calling another crisis by solving one crisis if ethanol would be started being produced from foods or grains that is meant as food/feed for humans or animals and ethanol production will unnecessarily compete with the food supply. So the desired processes or protocol designs of bio-ethanol production should be from inedible plant materials made up of complex carbohydrates such as cellulose and hemicelluloses which on fermentation could yield ethanol with the use of microorganisms fermenting sugars to ethanol.
There are so much bulks of biomass in world, but the biochemical nature of rice straw make it potential feedstock for bioethanol production. The high contents of cellulose and hemicellulose present in rice straw could be hydrolysed to fermentable sugars. The chemical composition of rice straw has consist of cellulose, hemicelluloses and lignin (Garrote et al. 2002; Maiorella, 1983; Saha, 2003; Zamora and Crispin 1995). In this hemicelluloses, pentose sugars is the most important that dominate whereas xylose comprising of 14.8-20.2% (Maiorella, 1983; Roberto et al. 2003). The composition of different carbohydrates and the potential theoretical ethanol yield of rice straw have been depicted in Table 1. The bio-chemical composition of biomass greatly affects the efficiency in terms of quantity and quality of biofuel production. The chemical property of rice straw, rice husk and wheat straw has been shown in Table 2. The high ash content of biomass or feedstock is a bottleneck for biofuel generation and it degrades the quality of biomass to be a good feedstock for biofuel or energy generation. The composition of ash is 10-17% in rice straw whereas it is about 3% in wheat straw and there is high silica content (SiO2) is 75% in rice straw and silica content of wheat straw is around 55%. (Zevenhoven, 2000). The fact of rice straw having the advantage of being feedstock is it has low alkali (Na2O and K2O) content of 10-17% as compared to the more than 25% of the alkali content of wheat straw. (Baxter et al.; 1996)
Table 1. Carbohydrate composition and theoretical ethanol yield of rice straw
	Components
	Composition

	Cellulose    
	38.6%

	Hemicellulose  
	19.7%

	Theoretical Ethanol yield(L/kg dry)                                                                    
	0.42

	Theoretical Ethanol yield (gal/MT dry)                                                    
	110


*Source: Adapted from Biomass Feedstock Composition and Property Database, Zhu et al. (2005). It is assumed that the hemicelluloses fractions are all polymers of xylose
Table 2. Approximate composition and selected major elements of ash in rice straw, rice husk and wheat straw 
	
	Rice straw     
	Rice husk           
	Wheat straw

	Proximate analysis (% dry fuel)

	Fixed carbon                       
	15.86             
	16.22                    
	17.71

	Volatile matter                     
	65.47             
	63.52                   
	75.27

	Ash      
	18.67             
	20.26                   
	7.02

	Elemental composition of Ash (%)

	SiO2  
	74.67               
	91.42                 
	55.32

	CaO   
	3.01
	3.21
	6.14

	MgO   
	1.75
	<0.01
	1.06

	Na2O   
	0.96
	0.21
	1.71

	K2O
	12.30
	3.71
	25.60


*Source: Jenkins et al. 1993
It may be informed that the quality of straw production varies between seasons and also in different locations of production or rice growing areas. Straw quality varies substantially within seasons as well as within regions. The alkali and alkaline components of straw leaches away when exposed to rain in the field which improves the quality of feedstock. Thus, the preferred use of this material for bioethanol production is related to both quality and availability of feedstock.
Availability of rice straw
In Asia rice straw is a major ﬁeld based residue that is produced in large amounts (667.59 million MT). As an estimation, the amount of 668 million MT of rice straw could produce theoretically 282 billion liters of ethanol if the production technology are available. But a major proportion of this rice straw is burnt field. The production of ethanol or biofuel from this biomass seems to be emerging important in particular, given the high fuel prices and the great demand for reducing green house gas emissions as well as air pollution (Kim and Dale, 2004).

There are primarily two types of residues in rice production containing chiefly lignocellulose such as straw and husk that have potential in terms of energy. There are already established technologies for use of rice husk (18-22% of the total raw rice produced) in Asian countries. But there is no commercially use technology for using rice straw for renewable energy generation. The preferred commercial use of rice husk is that these materials are readily available at rice mills for a fairly long period during milling and its collection and transportation is easy from these commercial units. But the rice straw is only available only during harvesting time and its collection and transportation is labourious. But the collection of rice straw is labourious and its availability is limited to harvest time. Availability of rice straw in major productive country are presented in Table 3.
Table 3. Worldwide quantities of rice straw available and theoretical ethanol yield

	Country
	Rice straw availability                                                  (million MT)                                                                    
	Theoretical ethanol yield (billion litres)

	Africa
	20.93                                                                          
	8.83

	Asia
	667.59                                                               
	281.72

	Europe
	3.92                                                                            
	1.65

	North America             
	10.95                                                                           
	4.62

	Central America           
	2.77                                                                            
	1.17

	South America             
	23.52                                                                           
	9.92 


*Source: Adapted from (Kim and dale 2004. (Based on the composition of rice straw given in Table 1).

Production of ethanol from rice straw
Basic concept: Rice straw consists of three main components, cellulose, hemi-cellulose and lignin. Technologies for conversion of this biomass-feedstock to ethanol have been developed on two platforms, which can be referred to as the sugar platform and the synthesis gas (or syngas) platform. The basic steps of these platforms are shown in Fig.1. In sugar platform cellulose and hemicelluloses are converted first to fermentable sugars, which then are fermented to produce ethanol. The different sugars which on fermentation produce ethanol include glucose, xylose, arabinose, galactose, and mannose. All these sugars are produced by hydrolysis of cellulose and hemicelluloses by using either acids or enzymes (Drapcho et al. 2008) 
In the syngas platform, the biomass is subjected through a process called gasiﬁcation. In the gassification process, the biomass is heated without oxygen or with only one-third of the oxygen normally required for a complete combustion. In this process the biomass is converted subsequently to a gaseous product, which mostly contains carbon monoxide and hydrogen and this gas is called as synthesis gas or syngas. The synthesis gas can be fermented by speciﬁc microorganisms or converted catalytically to produce ethanol. In the sugar platform, only the carbohydrate fractions are utilized for ethanol production, whereas in the syngas platform, all three components (cellulose, hemicelluloses and lignin) of the biomass are converted to ethanol (Drapcho et al. 2008)      
Different Pre-treatments

There are different kinds of pre-treatment processes that have been devised for lignocelluloses, which functions as enlargement of the inner surface area. This is accomplished by partial solubilization of the hemicelluloses and degradation of the lignin. There are different types of  pre-treatments such as: Milling and grinding, pyrolysis, high energy radiation, high pressure  steaming alkaline or acid hydrolysis, gas treatment (chlorine dioxide , sulfur dioxide, ozone) , hydrogen peroxide treatment, organic solvent treatment, hydro-thermal treatment, steam explosion, wet oxidation and biological treatment ( Fan et al.; 1982; Hormeyer et al. 1988; McGinnis et al.; 1983). 
Sub critical Water (SCW) treatment is an environmentally friendly green technique of pre-treatment of biomass conversion into biofuel with wide range of applications such as extraction, hydrolysis and wet oxidation of organic compounds (Holliday et al. 1998; Kruse and Dinjus, 2007). Thus SCW can be used for extraction of organic compound instead of using organic solvents which are environmentally not acceptable. With this merits of the process SCW has been widely used for hydrolysis of organic compounds. Recently growing attentions have led to extensive research activities using SCW for hydrolysis and conversion of biomass and carbohydrates to useful compounds.
There is no information available in literature about the combination of ultra-sound as pre-treatment and enzymatic conversion of lignocelluloses to sugar. The aim of this review is to enumerate in brief the effect of combined physical and chemical methods of pre-treatment on conversion of lignocelluloses in rice straw to sugar and fermentation of sugar to bioethanol using S. cerevisae yeast.
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Fig. 1. Effect of acid and alkali pre-treatment with or without subsequent enzyme treatment to sugar content of rice straw (Source:-Yoswathana et al. 2010)

Sulfuric acid (H2SO4) at a concentration of 1-9% is applied for acid treatment. For alkali treatment sodium hydroxide solution is used at concentration of 1-5% used. Subcritical water treatment is carried out at 160oC (at a pressure of 5 bar) and 200oC (pressure of 15 bar) for 10 min. Ultra sound is applied as combination method after acid pre-treatment. The condition during ultra sound treatment was 40 W at 50oC and 10 min. Finally the pretreated sample was fermented using Saccharomyces cerevisiae yeast and the amount of produced ethanol was measured.

Result-Acid treatment at 121oC, 15 min is an effective pre-treatment method for converting lignocellulose to sugar. Up to 21.45% sugar w/w could be measure after acid treatment. Combination of chemical pre-treatment and subsequent enzyme treatment increased the sugar yield drastically. Up to 37 and 28% sugar w/w could be achieved for acid and alkali pretreated samples respectively. Subcritical Water (SCW) treatment method is an effective physical method. SCW treatment at 200oC and 10 min followed by enzyme treatment yielded up to 17% sugar w/w. Combination of acid pre-treatment with ultrasonic before enzyme treatment increased the conversion of lignocelluloses to sugar. Sugar yield up to 44% w/w after combination of acid and ultrasonic pre-treatment and subsequent enzyme treatment could be achieved. Fermentation of pretreated rice straw shown that after 3 days fermentation most of sugar (55-65%) will be converted to bioethanol. The remaining sugar could not be converted in ethanol even after 6 days fermentation. Under these conditions, the maximum ethanol of 1.69% (v/v) was obtained).

Alkali pre-treatment: About 50 g Chopped (2 cm length) dried rice straw was suspended in 1, 2, 3, 4, 5% NaOH in ratio of 1:10 (w/v) rice straw and NaOH. After that the samples were incubated in water bath 85oC for 1 h. Finally, hydrolysate was pressed through cheese cloth. The amount of reducing sugar in juice was measured by using Luff schoorl method (Matissek and Steiner, 2006). 

Acid pre-treatment: About 50 g Chopped dried rice straw was suspended in acid solution (1, 3, 5, 7 and 9% Sulfuric acid) in ratio of 1:10 (w/v) rice straw and Sulfuric acid. The mixtures were autoclaved at 121oC for 15 min. After that, hydrolysate was pressed through cheese cloth and the amount of reducing sugar in juice was measured as above. 

Alkali/enzyme pre-treatment: The best alkali pre-treatment condition was carried out for Alkali/Enzyme pre-treatment. The NaOH treated sample was pressed through cheese cloth. The juice was kept and the remaining pulp was mixed with distilled water (10:1 w/w on rice straw basis) containing enzyme mixture (0.8% v/w on of rice straw basis). The pH of sample was adjusted at pH = 4. Sample was incubated in a water bath at 55oC for 12 h (1st Enzyme). After that the sample was pressed through cheese cloth and the pulps of these pressed samples were applied for second enzymatic treatment as described above (2nd Enzyme). The juice of first press as well as “1st Enzyme” and “2nd Enzyme” were carried out for sugar content measurement.
Acid/enzyme pre-treatment: The best acid pre-treatment condition was carried out for acid/enzyme pre-treatment. For enzymatic hydrolysis the samples were treated as described in alkali/enzyme pre-treatment.
Subcritical water pre-treatment: For Subcritical Water   (SCW)   treatment   a   high    pressure     tube (Diameter = 15 mm. Volume = 80 mL) equipped with pressure gauge and thermocouple was used. The heating of SCW tube was carried out in oil bath at constant temperature. 
Chopped dried rice straw was mixed with distilled water in ratio 1:10 (w/v) rice straw and water. The mixture was poured in subcritical water tube and the experiment conducted at 160 and 200oC for 10 min. in oil bath. After subcritical water treatment, the tube was cooled in water bath and the content was poured in a beaker. Subsequently, the samples were treated with enzyme mixture (0.8% v/w on rice straw basis, pH = 4.0) for 12 h at 55°C. The samples were then pressed through cheese cloth and the sugar content in pressed liquid was measured
Ultrasonic pre-treatment: Acid pre-treated (1% acid) sample was placed in a beaker and treated with ultrasonic at 40 W for 10 min. The temperature during ultrasonic treatment was <50oC. After ultrasonic treatment the sample was subjected to enzyme (4.0 % v/w on rice straw basis, pH = 4.0) treatment. The sample was pressed through cheese cloth and the amount of sample was measured.

Detoxification: The pretreated samples from acid/enzyme pre-treatment and ultrasound pre-treatment was mixed with wood activated charcoal (20:1 w/w sample: Charcoal) and then agitate for 2 days on magnetic stirrer at room temperature. After charcoal treatment the sample was filtered using filter No. 5 (Whatman, Germany) to remove the charcoal. The filtrate was subjected for sugar measurement.

Fermentation
The pretreated samples from acid/enzyme pre-treatment and ultra sound pre-treatment with or without detoxification were carried out for fermentation experiments. The yeast S. cerevisae was used for fermentation. The initial yeast count in fermentation sample was 2-8×108 cfu mL-1. After 3 and 6 fermentation days the ethanol content was measured by gas chromatography. In addition the remaining sugar during fermentation was measured.

For calculation of ethanol yield the following equation was applied:
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Effect of acid pre-treatment methods on sugar content: In the Fig. 2 the relation between sugar content and acid concentration is illustrated. Increasing the acid concentration showed reverse effect on sugar concentration in sample. This is maybe because of degradation of monomeric sugars (xylose and glucose) in furfural and hydroxyl methyl furfural. The highest sugar up to 21.45% sugar (on the rice straw basis) could be obtained using 1% sulfuric acid.
Effect of alkali pre-treatment methods on sugar content: Higher concentration of alkali leads to slight increasing the sugar in sample (Fig. 3). Generally, very low sugar content of 0.55% (on the rice straw basis) could be observed
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Table 4. Sugar content of Subcritical Water (SCW) pre-treatment and subsequent enzyme treated rice straw
	Condition
	Temperature (oC)   
	Percentage of sugar*

	SCW/Enzyme                 
	160
	7.4

	
	200
	16.9

	Only Enzyme                   
	30
	3.4


*On rice straw basis (Source: Yoswathana et al. 2010)
Table 5. Lignocellulose conversion to sugar yield of different treated rice straw
	Pre-treatment   Sugars(%)*

	Acid 1%                                                                                                
	21.45

	Acid 1%/ enzyme (0.8%v/w)                                                                                                
	36.95

	Acid 1%/ enzyme (4%v/w)                                                                                                      
	39.10

	Alkali 5%                                                                                                                              
	0.55

	Alkali 5%/ enzyme (0.8%v/w)                                                                                          
	24.60

	SCW/enzyme (0.8%v/w)                                                                                                   
	16.90 

	Enzyme,(0.8%v/w)                                                                                                                      
	3.40

	Acid1%+ultrasonic+enzyme(4%v/w)
	43.93

	Acid1%+ultrasonic+enzyme(4%v/w/anddetoxified)                                                                            
	32.29


 *On rice straw basis
In contrast enzyme treatment of sample without pre-treatment have nearly no effect (3.4% sugar on rice straw basis) on sugar content of rice straw.

Effect of subcritical water treatment: Table 4 shows the effect of subcritical water and subsequent enzyme treatment on conversion of lignocelluloses to sugar. With the Increase in the temperature during SCW from 160- 200oC there is increases in the sugar concentration > 2 times (from 7.4-17% sugar on rice straw basis).

Effect of enzyme concentration: With the increase in the enzyme concentration from 0.8v/w (on rice straw basis) to 4% v/w it leads to increase of sugar in acid pre-treated sample from 36.96 to 39.10% respectively (Table 5).

Table 6. Sugar concentration (g/100 g solution) during fermentation
	Fermentation time (day)                    
	A
	B
	C
	D

	0
	4.35
	5.13
	4.02
	4.49

	3
	2.00
	2.13
	1.67
	1.98

	6
	1.60
	1.77
	1.51
	1.75


*A = No ultrasonic/No detoxification; B = With ultrasonic/No detoxification; C = No ultrasonic/with detoxification; D = With ultrasonic/with detoxification
Effect of combined Ultrasonic (US) and acid pre- treatment on sugar content: The sugar content of combined acid and ultrasonic pretreated and subsequent enzyme (4% v/w on rice straw basis) treated sample was higher (43.93% sugar on rice straw basis) compare to sample without ultrasonic treatment (39.1%) (Table 5). These results show the positive effect of ultrasonic treatment during pre-treatment of rice straw on polysaccharide conversion into sugar.

Effect of Detoxification on sugar content: During detoxification of samples part of sugar could be adsorbed on activated charcoal leading reduction of total sugar in sample. In Table 5 is the amount of sugar before and after charcoal treatment illustrated.
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Fig.4. Ethanol yield during fermentation

Fermentation: Figure 4 show the effect of fermentation time on conversion of sugar to ethanol in acid pre-treated, with or without ultrasonic and subsequent enzyme treated rice straw. During a period of 3 days fermentation time nearly all for S. cerevisae fermentable sugar (glucose) will be converted to bioethanol. Longer fermentation time up to 6 days have only slight effect on bioethanol production. The sugar concentration in sample decreased from 4-5% w/v to nearly 1.5% w/v after 6 days fermentation. This is equal to 55-65% bioconversion of sugar to bioethanol (Table 6).
Effect of acid and alkali pre-treatment and subsequent enzyme treatment on sugar content: Application of technical enzymes have positive effect on conversion of lignocellulose material to sugar. This was observed for acid pre-treated as well as alkali pre-treated samples (Fig.5).
The sugar yield was in acid pre-treated and subsequent enzyme treated sample distinct higher (36.95%) compare to only acid pre-treated sample (21.45%). Whereas, nearly no effect of alkali pre-treatment on conversion of cellulose and hemicelluloses to glucose could be observed, a drastically increase of sugar concentration (24.6% on rice straw basis) in alkali pre-treated and subsequent enzyme treated sample could be achieved.

Importance of pre-treatment
Rice straw is composed of heterogeneous complex of carbohydrate polymers. Cellulose and hemicelluloses are densely packed by layers of lignin, which protect them against enzymatic hydrolysis. So it is necessary to have a pre-treatment step to break lignin seal to expose cellulose and hemicellulose for enzymatic action. Pre-treatment aims to decrease crystallinity of cellulose, increase biomass surface area, remove hemicellulose, and break lignin seal. Pre-treatment makes cellulose more accessible to enzymes so that conversion of carbohydrate polymers into fermentable sugars can be achieved more rapidly and with more yields. Pre-treatment includes physical, chemical and thermal methods and their combinations. Pre-treatment has been viewed as one of the most expensive processing steps in cellulosic biomass-to-fermentable sugars conversion (Mosier et al., 2005.
Types of pre-treatment
Physical pre-treatment: Physical pre-treatment will increase the accessible surface area and size of pores, and decrease the crystallinity and degrees of polymerization of cellulose. Commonly used physical treatments to degrade lignocellulosic residues include steaming, grinding and milling, irradiation, temperature and pressure.

Grinding and milling: Usually grinding and milling are the initial steps of pre-treatment of any biomass which reduces the particle size, though the combination of grinding with other pre-treatment method has been tried. To an extent it reduces the crystallinity of the biomass. Super ﬁne grinding of steam exploded biomass has been tried and proved better than ground residue when hydrolyzed (Jin and Chen, 2006) though energy required for the process also has to be considered while going for commercial applications. For grinding rice straw wet disk milling proved better than ball milling both in terms of glucose recovery as well as energy saving (Hiden et al., 2009). Developments in this ﬁeld provide a number of pre-treatment which permits enzymatic sacchariﬁcation, e.g.ball milling, roll  milling,  wet  disk  milling, and several type of grinding has been tried based on the biomass, though there are no reports particularly on rice straw as such.

Fig 5. Basic concept of ethanol production from rice straw.
Electron beam irradiation: The cellulose portion of the lignocelluloses biomass materials can be degraded by irradiation to fragile ﬁbers, low molecular weight oligosaccharides and cellobiose  (Kumakura and Kaetsu, 1983). It could be achieved due to preferential dissociation of glucosidal bonds of cellulose molecular chains by irradiation in presence of lignin. Irradiation method is expensive, demands high energy and has many difﬁculties in its industrial application. (Jin et al. 2009)  conducted physical pre-treatment of milled rice straw using electron beam irradiation with accelerated electrons by help of a linear electron accelerator that had capacity to produce electron beams. Enzymatic hydrolysis of electron beam irradiated rice straw and untreated rice straw was carried out and the results showed that the untreated rice straw produced a glucose yield of 22.6% and the electron beam irradiated rice straw produced glucose yield of 52.1% after hydrolysis for 132 hours. Since these methods do not involve extreme temperatures, the production of inhibitory substances produced by using acid or alkali pre-treatment can be avoided or minimized.
Microwave pre-treatment: Microwave irradiation is the widely used in pre-treatment because of its high heating efﬁciency and easy to operation. Microwave irradiation can change the ultra structure of cellulose (Xiong et al., 2000), to degrade lignin and hemi- celluloses in lignocellulose materials, and it increases the enzymatic susceptibility of lignocellulose materials (Azuma et al., 1984). Enzymatic hydrolysis of dry rice straw could be increased by micro-wave pre-treatment in the presence of water (Azuma et al., 1984; Ooshima et al., 1984) and also in the glycerine medium with less amount of water (Kitchaiya et al., 2003). When the rice straw is treated by microwave irradiation alone has almost the same hydrolysis rate and equal reducing sugar yield compared to the raw straw (Zhu et al., 2005).
Chemical pre-treatment: Enzymes cannot effectively convert lignocelluloses to fermentable sugars without chemical pre-treatment. The most promising chemicals for pre-treatment of rice straw include alkali and ammonia.

Alkali pre-treatment: In alkali pre-treatment, there is application of alkaline solutions like NaOH or KOH for removing lignin and a part of the hemicellulosic materials, and it efﬁciently increases the accessibility of enzyme to the cellulose. The alkali pre-treatment sharply increases the sacchariﬁcation yield. This pre-treatment can be carried out at low temperatures but with a relatively long time period and with a high concentration of the base. When compared with acid or oxidative reagents, alkali treatment seems as the most effective method for breaking the ester bonds between lignin, hemicellulose and cellulose, and to avoid fragmentation of the hemicellulose polymer in the reaction. (Gaspar et al., 2007). 2% NaOH (alkaline) pre-treatment of chopped rice straw with 20% solid loading at 85°C for 1 hour decreases the lignin content by 36% (Zhang and Cai, 2008). Separated and exposed micro- ﬁbrils generally increase the external surface area and porosity of the rice straw and thus facilitate in the enzymatic hydrolysis. In sodium hydroxide (NaOH) pre-treatment the lignocellulosic biomass is deligniﬁed by breaking the ester bonds cross linking lignin and xylan and thus increases the porosity of biomass (Tarkov and Fe- ist, 1969).
Ammonia (NH3) treatment: NH3 being as a pre-treatment reagent which has a number of desirable positive characteristics. It is used as an excellent swelling reagent in the treatment lignocellulosic materials. It is highly selectivity for reactions with lignin over that with carbohydrates. It is highly volatile and this makes it easy to recover and its repeated use. It is also a non-polluting and non- corrosive chemical reagent. The general known reactions of aqueous ammonia with lignin is to cleave C–O–C bonds in lignin as well as the cleavage of ether and ester bonds in lignin–carbohydrate complex unit. (Kim and Lee, 2007). A ﬂow-through process called Ammonia Recycle Percolation (ARP) has been developed for pre-treatment of biomass. In this process, NH3 is pumped through a heap of biomass maintained at 170 °C. In this process about 85% deligniﬁcation and almost the theoretical yield of glucose in this enzyme hydrolysis can be achieved (Drapcho et al., 2008). Soaking in Aqueous NH3 (SAA)  the pre-treatment at mild temperatures ranged from 40 to 90 °C for longer reaction times is used to protect most of the glucan and xylan contents in the sample, which is then fermented by using the simultaneous sac-chariﬁcation and co-fermentation (SSCF) process (Kim and Lee, 2007; Kim et al., 2008). Since SAA is a new method, its effectiveness has not been tested for many lignocellulosic biomass including rice straw also. Comparing to other alkali treatments such as sodium hydroxide or lime, NH3 is highly selective in removal of lignin and it shows signiﬁcant swelling effect on lignocellulosic biomass. Also, it can easily be recovered due to its high volatile nature (Wyman et al., 2005). The effectiveness of the SAA process is strongly relay on the pre-treatment temperature. The ammonia ﬁber/freeze explosion/expansion (AFEX) process uses anhydrous ammonia (NH3) instead of aqueous ammonia (NH4OH).  Similarly the anhydrous ammonia used in the AFEX process can be recovered and recycled due to its high volatile nature. After treatment in the process, the exit stream is a mixture of ammonia and water vapour. Since all the biomass components remain with the treated solids, there is no loss of any carbohydrate of the feedstock. All the ammonia quickly evaporates, thus there is no requirement for pH adjustment of the treated material for a wide range before its use in subsequent enzyme hydrolysis and ethanol fermentation. Enzyme hydrolysis of AFEX-treated biomass will produce glucose with a theoretical yield > 90% and xylose up to 80% theoretical yield. Inhibitory compounds are not formed in AFEX process (Drapcho et al., 2008). AFEX is reported as an effective pre-treatment process of rice straw as it results in only 3% sugar loss during entire pre-treatment process (Zhong et al., 2009). Ferrer et al. (1997) conducted the pre-treatment of rice straw by the process called Ammonia Pressurization and Depressurization (PDA) by using a laboratory scale ammonia reactor unit that consists of a 4-L reactor with adequate support equipments. In this process pre-treatment followed by enzymatic hydrolysis results in considerable increase in the yield of sugar. Ko et al. (2009) conducted aqueous ammonia (NH4OH) pre-treatment and its optimum concentration of ammonia was 21% at 69 °C for 10 hours. In the use of AFEX in conjunction with 60 FPU of cellulase/g-glucan and b-glucosidase, xylanase and other supplements, after 72-168hours of hydrolysis the glucose yield was 60–100% of the theoretical maximum (Murnen et al., 2007).

Acid pre-treatment: The pre-treatment of lignocellulosic biomass with acids at conducive temperature increases the anaerobic digestion of the biomass. Predominantly the dilute acid pre-treatment affect hemicellulose with little impact on lignin degradation.  Hemicellulose is solubilized in acid pre-treatment, and by this, the cellulose becomes better accessible to enzymes. Acid pre-treatment is usually carried out with use of mineral acids such as Hydrochloric Acid (HCl) and Sulfuric Acid (H2SO4). In acid pre-treatment following dilute acid treatment, the enzyme cellulase is used for hydrolysis of the left over carbohydrates in the treated biomass. Dilute acid pre-treatment may be a simple single stage pre-treatment process in which biomass is treated with dilute H2SO4 at suitable acid concentrations and temperatures for a certain period of time. To reduce enzyme requirements, a two-stage process was developed at the National Renewable Energy Laboratory (NREL) in Golden, Colorado. A schematic diagram of this process is shown in Fig. 6. Literatures regarding dilute acid hydrolysis of rice straw is limited because of the inability of the process to remove lignin and low sugar yield (Sumphanwanich et al., 2008).
Fig 6. Schematic ﬂow diagram of the NREL’s two-stage dilute sulphuric acid pre-treatment process.(Source: Drapcho et al., 2008). 

Pre-treatment with oxidising agent: In the oxidative pre-treatment there is addition of an oxidising compound, like hydrogen peroxide or per acetic acid, to the biomass, which remains suspended in water. This pre-treatment removes the hemicellulose and lignin from the treated biomass to increase the accessibility of the cellulose. Several reactions takes place during oxidative pre-treatment, such as electrophilic substitution, displacement of side chains, cleavage of alkyl aryl ether linkages or the oxidative cleavage of aromatic nuclei (Hon and Shiraishi, 2001). During hydrogen peroxide pre-treatment there is oxidative deligniﬁcation to detach and solubilize the lignin and loosen the lignocellulosic mass and thus improves enzymatic digestation (Martel and Gould, 1990). Wei and Cheng (1985) evaluated the effect of hydrogen peroxide pre-treatment on the changes occurring in the structural features and the enzymatic hydrolysis of rice straw. The changes in the lignin content, weight loss, accessibility for cadoxen solvent, water holding capacity, and crystallinity of straw are measured during pre-treatment to express the changes of lignocellulosic structure of rice straw. The rates and the extents of enzymatic hydrolysis, cellulase adsorption, and cellobiose accumulation in the initial stage of hydrolysis were determined to study the pre-treatment effect on hydrolysis. Pre-treatment at 60 °C for 5 hours in a solution with 1% (w/w) H2O2 and NaOH results  in 60% deligniﬁcation, 40% weight loss, a 5 fold increase in the accessibility for cadoxen, one time increase in the water holding capacity and only a slight decrease in crystallinity as compared with that of the untreated straw. There could be improvement on the pre-treatment effect by increasing the initial alkalinity and pre-treatment temperature of hydrogen peroxide solution. There will be found a saturated improvement on the structural features when the weight ratio of hydrogen peroxide to straw will be above 0.25 g H2O2/g straw in an alkaline H2O2 solution with 1% (w/w) NaOH at 32 °C. The initial rates and extents of hydrolysis, cellulase adsorption, and cellobiose accumulation in hydrolysis were enhanced in accordance with the improved structural features of pretreated rice straw. There shall be a four times increase in the extent of the  enzymatic  hydrolysis  of  rice straw  for 24 hours that attributes to the alkaline hydrogen peroxide pre-treatment. There are reports of pre-treatment for employing per acetic acid for the pre-treatment of rice straw (Taniguchi et al., 1982; Toyama and Ogawa, 1975). The quantitative changes occuring in the composition of the treated straw, crystallinity of the treated straw, extracted cellulose, and susceptibility of the treated straw with per acetic acid results into a slight loss in hemicellulose and cellulose contents in the straw. The per-acetic acid treatment causes little or no breakdown of the crystalline structure of cellulose in the treated rice straw. The degree of enzymatic solubilization relative to the amount of residual straw was 42% after treatment with 20% per acetic acid.                                                                                           
Organosolv pre-treatment process: The organosolv pre-treatment process enhances the enzymatic digestion mainly by deligniﬁcation and hemicellulose removal providing a cellulose rich residue, which can be hydrolyzed with enzymes with high efficiency and to get almost the theoretical glucose yield. Hemicellulose and lignin can be recovered for production of high value coproducts. There is change of cellulose crystallinity during organosolv pre-treatment which is not clear yet, but it has been found that the swelling of cellulose in organic solvent strongly depends on the species of organic solvents, concentration of solvents and temperature during treatment (Mantanis et al., 1994, 1995). The organosolv process uses hot organic solvents i.e., ethanol with acidic pH to fractionate biomass components. This was considered first for paper making, but recently it has been considered for pre-treatment of lignocellulosic biomass for ethanol production. The organosolv pre-treatment is expensive than the leading pre-treatment processes at present but the separation and recycling of the applied solvents could reduce the operational costs of the total process. It requires strict controlled conditions due to the volatile nature of organic solvents. It is necessary to remove solvents from the pretreated cellulose because the solvents may inhibit enzymatic hydrolysis and fermentation or digestion of hydrolysate (Xuebing et al., 2009). The commonly used organic solvents for pre-treatment are solvents with low boiling points like ethanol and methanol and alcohols with high boiling points like ethylene glycol, glycerol, tetrahydrofurfuryl alcohol and other organic compounds like dimethylsulfoxide, ethers, ketone, and phenols (Thring et al., 1990). In the organosolv processes, when the pre-treatment is conducted at high temperature (185–210 °C), there is no need for addition of acid but at lower temperature it requires addition of catalysts (Sun and Cheng, 2002). Jamshid et al. (2005) reported that rice straw pulping can be carried out using diethylene glycol, mixture of diethylene glycol and ethylene glycol at atmospheric pressure. At high boiling point solvents enhance deligniﬁcation in pre-treatment. The remarkable advantage for high boiling point alcohol pre-treatment is that this process can be carried out under normal atmospheric pressure. Jahan (2006) reported acetic acid or formic acid pre-treatment for rice straw with the variation of different reaction variables. Maximum pentosan dissolution is observed in 80% acetic acid with 0.6% H2SO4 catalyst at 80 °C for 120 minutes. Acetic acid dissolved pentoses more slowly than formic acid.

Biological pre-treatment: By concept biological pre-treatment offers advantages such a slow chemical and energy use, but a controllable and sufﬁciently rapid system has not yet been found. Chemical pre-treatments have serious disadvantages in terms of the requirement for specialized corrosion resistant equipment, extensive washing, and proper disposal of chemical wastes. Biological pre-treatment is a safe and environmentally-friendly method for lignin removal from lignocellulose. The most promising microorganisms for biological pre-treatment are white-rot fungi that belong to class Basidiomycetes (Taniguchi et al., 2005). The effects of biological pre-treatment of rice straw using four white rot fungi (Phanerochaete chrysosporium, Trametes versicolor, Ceriporiopsis subvermispora, and Pleurotus ostreatus) were evaluated on the basis of quantitative and structural changes in the components of the pre-treated rice straw as well as susceptibility to enzymatic hydrolysis (Taniguchi et al., 2005). Of these white rot fungi, P. ostreatus selectively degraded the lignin fraction of rice straw rather than the holocellulose component. When rice straw was pretreated with P. ostreatus for 60 d, the total weight loss and the degree of klason lignin degraded were 25% and 41%, respectively. After the pre-treatment, the residual amounts of cellulose and hemicellulose were 83% and 52% of those in untreated rice straw, respectively. By enzymatic hydrolysis with a commercial cellulase preparation for 48 hours, 52% holocellulose and 44% cellulose in the pre-treated rice straw were solubilized. The net sugar yields based on the amounts of holocellulose and cellulose of untreated rice straw were 33% for total soluble sugar from holocellulose and 32% for glucose from cellulose (Taniguchi et al., 2005). The biological pre-treatment induces structural loosening of cells with a simultaneous increase in porosity. The Scanning Electron Microscopic (SEM) observations show that the pre-treatment with P. ostreatus resulted in an increase in susceptibility of rice straw to enzymatic hydrolysis due to partial degradation of the lignin that is responsible for preventing penetration of cellulase in the rice straw as described above. Patel et al., 2007 carried out a study on the microbial pre-treatment and fermentation of the agricultural residues like rice straw. A combination of ﬁve different fungi viz. Aspergillus niger, Aspergillus awamori, Trichoderma reesei, Phenerochaete chrysosporium, Pleurotus sajorcaju, obtained from screening were used for pre-treatment and Saccharomyces cereviseae (NCIM 3095) was used for carrying out fermentation. Pre-treatment with A. niger and A. awamori and later fermentation yielded highest amount of ethanol (2.2 g L—1).

Combined pre-treatment: A combined pre-treatment was reported by Kun et al., (2009) of rice straw with alkali assisted by photo catalysis which efﬁciently changes the physical properties and microstructure of rice straw and it results in decrease in lignin content and thereby increasing the enzymatic hydrolysis rate of the pretreated rice straw. Alkali treatment of rice straw in the absence of H2O2 favours solubilization of the small molecular size of hemicelluloses, that are rich in glucose, originating from a-glucan, while the second stage treatment by alkaline peroxide enhances the dissolution of larger molecular size hemicelluloses, which are rich in xylose (Sun et al., 2000). Microwave pre-treatment is emerging as an important and efﬁcient pre-treatment method when applied in combination with other methods. Zhu et al., (2006) have reported several combinations of microwave pre-treatment of rice straw along with acid and alkali which removes hemicellulose and lignin, respectively, and microwave removes more lignin compared to pre-treatment with alkali alone. The results indicates that higher microwave power with shorter pre-treatment time and the lower microwave power with longer pre-treatment time has almost the same effect on the weight loss and composition at the same energy consumption. Microwave process enhances some reactions in the pre-treatment, but the detailed mechanism is still not studied. Lu and Minoru (1993) reported the radiation pre-treatment of rice straw in the presence of NaOH solutions using an electron beam accelerator and found that electron beam irradiation alters lignocellulosic structure so that NaOH solution could enter easily into the lignocellulosic complex and increase the rate of reaction which favours the easy elimination of lignin. The cellulose or hemicellulose are scissored by irradiation and was degraded slightly by NaOH which increase the enzyme accessibility. Jin and Chen (2006) studied the combination of steam explosion and superﬁne grinding of rice straw and its enzymatic hydrolysis. Super ﬁne grinding of rice straw was combined with a low severity steam explosion for treating the rice straw to shorten the grinding time, save the energy cost, avoid the inhibitors and obtain high enzymatic hydrolysis. Super ﬁne grinding was conducted after the steam explosion of rice straw at low Ro (steam explosion severity factor) to avoid excess decomposition of hemicellulose and generation of side products from sugars and lignin. There is difference in enzymatic hydrolysis, chemical composition, ﬁber characteristics and composed cells contents of the super ﬁne ground steam exploded rice straw product and the ground steam exploded rice straw residue. Enzymatic hydrolysis of the super ﬁne ground product gained the highest hydrolysis rate and yielded more reducing sugars, while the reducing sugar yield generated from the super ﬁne ground residue was lower than that from the untreated rice straw. Steam explosion and super ﬁne grinding decrease particle size and improve reactive surface to the largest content, and it has been considered to be less energy consuming than the traditional mechanical grinding with respect to increase of surface area.
Enzymatic hydrolysis

Enzymatic hydrolysis is the second step in the production of ethanol from lignocellulosic materials. It includes the cleavage of the polymers of cellulose and hemicellulose by using enzymes. The cellulose generally composed of only glucans, whereas hemicellulose contains polymers of several sugars such as mannan, xylan, glucan, galactan, and arabinan. Hence the main hydrolysis product of cellulose is glucose, whereas the hemicellulose yields several pentoses and hexoses (Taherzadeh and Niklasson, 2004). The high lignin content blocks the accessibility of enzymes, leading to end-product inhibition, and reduces the rate and yield of hydrolysis. In addition to lignin, glucose and cellobiose act as strong inhibitors of cellulases (Knauf and Moniruzzaman, 2004).
The various factors that  inﬂuence the yields of the lignocellulose to the monomeric sugars and the byproducts are, particle  size, liquid to solid ratio, type and concentration of acid used, temperature, and reaction time,  length of the macromolecules, degree of polymerization of cellulose, conﬁguration of the cellulose chain, association of cellulose with other protective polymeric structures present within the plant cell wall such as lignin, pectin, hemicellulose, proteins, and mineral elements. Enzymatic hydrolysis is usually carried out under mild conditions, i.e., low pressure and longer treatment time in connection to the hydrolysis of hemicellulose. Valdes and Planes, (1983) studied the hydrolysis of rice straw using 5–10% H2SO4 at 80–100 °C. They reported the best sugar yield at100°C with 10% H2SO4 for 240 minutes. Yin et al. (1982) studied the hydrolysis of hemicellulose fraction of rice straw with 2%  H2SO4 at110–120 °C, where     they were able to hydrolyze  more  than 70% of pentoses.  Valkanas et al. (1998) conducted hydrolysis of rice straw with different acids with varying concentrations (0.5–1% H2SO4, 2–3% HCl and 0.5–1% H3PO4) and they observed after 3hours time that rice straw pentose are converted to a solution of monosaccharides suitable for fermentation. Roberto et al., (2003) studied the effects of H2SO4 concentration and retention time on the production of sugars and the byproducts from rice straw at relatively low temperature (121°C) and long time (10–30 minutes) in a 350-L batch reactor. The optimum concentration of acid of 1% and retention time of 27 minutes was found to attain high, yield of xylose (77%). Abedinafar et al., (2009) reported the pre-treatment of the straw with dilute sulfuric acid resulted in 0.72 g g—1 sugar yield during 48 hours enzymatic hydrolysis, which was higher than steam-pretreated (0.60 g g—1) and untreated straw (0.46 g g—1).When there is an increase in the concentration of substrate from 20 to 50 and 100gL—1 sugar yield lowered to13% and16%, respectively.
Aderemi et al. (2008) have studied the kinetics of glucose production from rice straw by Aspergillus niger. The glucose yield was found to increase from 43 to 87% as the rice straw particle size decreased from 425 to 75 lm, while the optimal temperature and pH were found within the range of 45–50 °C and 4.5–5, respectively. The study shows that the concentration and rate of glucose production is dependent on pre-treatment of rice straw, substrate concentration and cell loading. Enzymatic hydrolysis of alkali assists the photo catalysis of rice straw results in 2.56 times higher hydrolysis rate than that of alkali process of pre-treatment (Kun et al., 2009) whereas, ammonia (NH3) treated rice straw results in an increase of monomeric sugar yield from 11% in the untreated to 61% (Sulbaran-de-Ferrer et al., 2003). The hydrolysis efﬁciency of lignocellulosic biomass increases with  combination of enzymes such as cellulase, xylanases and pectinases, rather than only cellulase (Zhong et al., 2009) but the cost of the process increases drastically even though from ecological point of view it is highly desirable.

Fermentation
The cellulose and hemicellulose fraction of rice straw can be converted to ethanol by either simultaneous sacchariﬁcation and fermentation (SSF) or separate enzymatic hydrolysis and fermentation (SHF) processes. SSF is more favoured because of its low potential costs (Wyman, 1994). It results in higher yield of ethanol compared to SHF by minimizing product inhibition. One of the drawbacks of this process is the difference in optimum temperature of the hydrolyzing enzymes and fermenting microorganisms. The optimum temperature for enzymatic hydrolysis is at 40–50°C, while the microorganisms with good ethanol productivity and yield do not usually tolerate this high temperature. This problem can be avoided by applying thermotolerant microorganisms such as Kluyveromyces marxianus, Candidalus itaniae, and Zymomonas mobilis or mixed cultures of some microorganisms like Brettanomyces clausenii and Saccharomyce scerevisiae (Golias et al., 2002; Spindler et al., 1988) 
Punnapayak and Emert (1986) studied SSF of alkali-pretreated rice straw with Pachysolen tannophilus and Candida brassicae, where P. tannophilus resulted in higher ethanol yield than C. brassicae in all the studies. However, they got only less than 30% of theoretical ethanol yield. SSF of acid-pretreated rice straw with Mucor indicus, Rhizopus oryzae, and S. cerevisiae results in an overall yield of 40–74% of the maximum theoretical ethanol yield (Karimi et al., 2006). The SSF of alkali and microwave/alkali pretreated rice straw to ethanol by using cellulase from T. reesei and S. cerevisiae were studied by Zhu et al. (2006). Under the optimum conditions ethanol concentration reached 29.1 g L—1 and ethanol yield was 61.3%. The study shows that production of ethanol from microwave/alkali pretreated rice straw has lower enzyme loading, shorter reaction time, and achieved higher ethanol concentration and yield than rice straw pretreated by alkali alone. There are many reports favouring the simultaneous sacchariﬁcation and fermentation (SSF) is superior to the traditional sacchariﬁcation and subsequent fermentation in the production of ethanol from rice straw, because the SSF process can improve ethanol yields by removing endproduct inhibition of sacchariﬁcation process and eliminate the need for separate reactors for sacchariﬁcation and fermentation (Chadha et al., 1995)
Separate enzymatic hydrolysis and fermentation of rice straw by M. indicus, R. oryzae, and S. cerevisiae were studied by Abedinifar et al. (2009). Their study concludes that M. indicus is able to produce ethanol from pentoses. This species (M. indicus) seems to be a good strain for production of ethanol from lignocelluloses, particularly for rice straw.

In addition to SSF and SHF, there is also another process called consolidated bioprocessing (CBP). In this process, cellulase production, biomass hydrolysis, and ethanol fermentation are carried out together in a single reactor. A microorganism that can ferment cellulose directly to ethanol efﬁciently, such as Clostridium phytofermentans, will be most suitable for this process.

Glucose and xylose are two dominating sugars in the lignocellulosic hydrolysates. The difﬁculty of using two microorganisms for the co-fermentation of these two sugars it is difficult to provide optimal environmental conditions for the two strains of microorganisms simultaneously (Chandrakant and Bisaria, 1998). The fermentation of glucose in the sugar mixture proceeded efﬁciently with a traditional glucose fermenting strain, the fermentation of xylose was often slow and of low efﬁciency due to the conﬂicting oxygen requirements between the two strains and/or the catabolite repression on the xylose assimilation caused by the glucose (Groot- jen et al., 1991; Kordowska-wiater and Targonski, 2002). Different approaches in both process engineering and strain engineering have been carried out to combat these difﬁculties and to improve the system efﬁciency of saccharification and fermentation of ethanol yield. Examples of process engineering include continuous culture (Grootjen et al., 1991; Laplace et al., 1993; Delgenes et al., 1996), the immobilization of one of the strains (Grootjen et al., 1991), coimmobilization of two strains (Grootjen et al., 1991; deBari et al., 2004), two stage fermentation in one bioreactor (i.e. sequential culture) (Fu and Peiris, 2008), and separate fermentation in two bioreactors (Taniguchi et al., 1997; Grootjen et al., 1991).

Improved saccharification and Fermentation for Bioethanol production

The production of bioethanol from lignocellulosic biomass such as rice straw has several challenges with it. The high complex nature and strong association of the components of lignocellulose (cellulose, hemicellulose, and lignin) results in a compact structure and cause hindrance at every step (pre-treatment, saccharification, and fermentation) of bioethanol production. The crystallinity of cellulose has been reported to be one of the factors negatively affecting the saccharification of lignocellulosic biomass [Cheng et al. 2018]. However, hemicelluloses favors saccharification by reducing the cellulose crystallinity (Zhang et al. 2013).The most complex component of lignocellulose is lignin, which is a hydrophobic heteropolymer composed of three major phenyl propane units: p-hydroxyphenyl (H), guaiacyl (G), and syringyl (S). Lignin content and composition also affects the saccharification of biomass (Li et al., 2014). During the pre-treatment of biomass, lignin and hemicellulose are degraded, making the cellulose component more accessible for the enzyme to convert it into fermentable sugars. A wide range of phenolic compounds are released as a result of pre-treatment, which further inhibits the processes involved in bioethanol production such as the hydrolysis of biomass and the fermentation of sugars (Li et al.2014, Cao et a. 2013, Michelin et al.2016, Kim D 2018, Wang et al.2017). In contrast, saccharification and fermentation of lignocellulosic biomass were enhanced after removal of inhibitors (Lee et al.2012, Kalyani et al.2015).
There are various physicochemical methods for the removal of inhibitory compounds, which includes filtration, activated carbon absorption, solvent extraction, lime treatment, and advanced oxidation (Carter et al. 2011, Silva et al.2013). However, these detoxification methods increase the overall cost of the process. Some researchers used biological methods such as microorganisms or their enzymes for the removal of inhibitors from the biomass hydrolysate. Laccase has been used in some reports for the removal of phenolics (Lee et al 2012, Kalyani et al. 2015, and Kalyani et al. 2012). However, most of the reports have demonstrated the application of free laccase in the production of bioethanol from lignocellulosic biomass.
The enzymatic saccharification of biomass is one of the most expensive steps in cellulosic bioethanol production because of the high cost of production of the enzymes required for this process. Moreover, the free enzymes, when used in this process, cannot be recovered from the reaction mixture for reuse. Free enzymes are also unstable when they are isolated from their source. There are several methods to overcome this problem, such as enzyme immobilization (Patel et al. 2017, Kim et al. 2016). Immobilized enzyme mimics the natural mode of action, wherein it is attached to the support surface of the biomass and is more robust to environmental changes as compared to free enzymes (Adamicova et al. 2018, Bolivar et al.2018). The enzymes do not completely mix with the reaction mixture, improve the stability and allow for easy recovery and multiple uses (Patel et al. 2017, Kim et al. 2016). It allows for the greatest return in terms of reducing the costs of the enzyme while increasing hydrolysis and sugar conversion.
Lignocellulosic biomass requires a broader suite of enzymes for hydrolysis into fermentable sugars; these are mainly endoglucanase (EG), cellobiohydrolase (CBH), β-glucosidase (BGL), and laccase. EG randomly breaks the internal glycosidic bonds of cellulose and produces glucan chains of different lengths. CBH cleaves the end of cellulose chains and releases cellobiose. BGL is a key enzyme and has a major role in biomass saccharification, specifically cleaving cellobiose (disaccharide) into fermentable glucose and to reduce the feedback inhibition of CBH. Addition of BGL thereby enhances the saccharification yield of biomass (Lee et al. 2018). Laccase catalyzes the degradation of lignin and phenolic compounds and enhances the bioethanol production process. Therefore, there was a need to develop a suitable enzyme cocktail, which acts synergistically to unlock and depolymerize the complex lignocellulose structure (Takenaka et al.2018, Benocci et al 2018). The immobilized enzyme cocktail was prepared to perform the saccharification of pretreated rice straw biomass. The main reason for the formulation of the enzyme cocktail was to reduce the inhibitory action of phenolics.
Chemicals of Coktail

Celluclast 1.5L, BGL from Aspergillus niger, laccase from Trametes versicolor, 2,6-dimethoxyphenol (2,6-DMP), 3-aminopropyltriethoxysilane(APTES), glutaraldehyde(GLA), 3,5-dinitrosalicylicacid(DNS), were procured for chemical cocktail preparation from Sigma–Aldrich(St.Louis,MO,USA). Fe3O4 particles were acquired from Nanostructured and Amorphous Materials, Inc. (Houston,TX,USA). All other chemicals and reagents were of analytical grade from commercial sources unless otherwise stated. A filter paper assay was used to estimate the total cellulase activity, which was expressed as filter paper units (FPU) (Ghosh, T.K. 1987). BGL activity was assayed using p-nitrophenyl-b-D-glucopyranoside (p-NPG; Sigma–Aldrich) as described previously (Ramachandran et al., 2013). Laccase activity was measured spectrophotometrically using 1 mM of 2, 6-DMP (Patel et al. (SK) 2018).
Saccharification of pretreated biomass

Saccharification was carried out in 100-mL glass flasks using cocktails of free enzymes of celluclast 1.5 L, BGL, and laccase. The reaction mixture consisted of biomass (0.4 g) and a fixed dose of enzyme cocktail containing 15 FPU celluclast 1.5 L and 15 international unit (IU) BGL per gram of dry biomass in 20 mL of 0.05 M sodium citrate buffer (pH 5.0). Tween 80 (0.2 %) was added as a surfactant. Tetracycline (40 mg/L) and cycloheximide (30 mg/L) were also added to prevent microbial contamination. The reaction mixture was incubated at 50°C and 200 rpm for 48 h. Samples were collected from the reaction mixture at different time intervals and centrifuged at 7000 rpm for 10 min to separate the liquid fraction. This supernatant was used for analysis of the reducing sugar and phenolic compound concentration. Total phenol was analyzed according to the Folin–Ciocalteau method (Singleton et al. 1959). The reducing sugar was determined using the DNS method (Miller, 1959). SY was calculated as follows (Eq. 1):
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For the optimization of the saccharification process, the temperature, pH, and agitation rate were used as parameters. The range of temperature, pH, and agitation rate were 35–55°C, 3.5–5.5, and 100–250 rpm, respectively. The saccharification was carried out at optimum conditions and incubated for 48 h. The effect of laccase on saccharification and phenolics reduction with different doses of enzyme (5–15 IU/gsubstrate) was also studied
Immobilization of enzymes
Fe3O4 particles (0.5) were functionalized with GLA (2%) in phosphate buffer (100mM, pH7.0) and incubated for 2h at 25°C. The APTES functional modification was performed in toluene using 2% (v/v) APTES and incubated for12h at 25°C while shaking at 200 rpm (Ghosh, 1987). The particles were then subjected to three rounds of sequential washes with acetone, ethanol, and distilled water. Furthermore, the APTES-modified particles were further activated using GLA (2%) to obtained APTES-GLA-modified particles. The immobilization of enzymes was performed by using a loading of 100 mg protein/g with the modified particles incubated in different buffer solutions (50mM) for 24h at 4°C while shaking at150rpm.The immobilization yield (IY) and efficiency (IE) were calculated as  follows (Eq.2–3):

The total amount of immobilized enzymes

[image: image2.jpg]The total amount of immobilized enzymes

Immobilization yield(%)= X100

The total amount of enzyme initially added

Immobilization Efficiency (%) = X100

Actual ethanol yield (g/g)

Fermentation efficiency (%) X100

Theoretical ethanol yield (g/g)

Maximum ethanol concentration (g/L)
Ethanol Productivity (/L/h) =
Fermentation time

Theoretical ethanol yield (g/g) = Glucan concentration x 0.51
whereas 0.51 i the coefficient for conversion of glucose to ethanol




[image: image3.jpg]The total amount of immobilized enzymes

Immobilization yield(%)= X100

The total amount of enzyme initially added

Immobilization Efficiency (%) = X100

Actual ethanol yield (g/g)

Fermentation efficiency (%) X100

Theoretical ethanol yield (g/g)

Maximum ethanol concentration (g/L)
Ethanol Productivity (/L/h) =
Fermentation time

Theoretical ethanol yield (g/g) = Glucan concentration x 0.51
whereas 0.51 i the coefficient for conversion of glucose to ethanol




The influence of pH on the activity of free and immobilized enzymes was evaluated over the pH range of 3.0–6.0 in the following buffers (50 mM): sodium-citrate (pH3.0–3.5), sodium acetate (pH4.0–5.5), and phosphate-citrate (pH6.0). Similarly, activities of free and immobilized enzymes at different temperature ranges (35–60°C) were assessed at their respective optimum pH values
After the immobilization of enzymes on magnetic nano particles, the enzyme cocktail was prepared with celluclast 1.5 L, BGL, and laccase. This immobilized enzyme cocktail was used for further saccharification of the pretreated biomass. The enzyme doses and biomass used were as follows: 15 FPU celluclast 1.5 L, 15 IU BGL, and 10 IU laccase . After completion of the saccharification, the immobilized enzyme cocktail was recovered from the reaction mixture using an external magnetic field and washed with sodium citrate buffer (pH 5.0). Furthermore, this immobilized enzyme cocktail was used in repeated batches for the saccharification of biomass. The saccharification profile and total phenolic concertation were examined over 48 h.
Fermentation
After saccharification, rice straw hydrolysate was concentrated to increase the reducing sugar concentration up to 50 g/L. Then it was supplemented with nutrient medium, which was required for the growth of yeast during the fermentation process. The nutrient medium was composed of 5 g/L yeast extract, 10 g/L (NH4) 2SO4, 4.5g/L KH2PO4, and 1.0 g/L MgSO4•7H2O. The pH was adjusted 5.0 and sterilized at 110°C for 10 min. After cooling, media was inoculated with 10% (v/v) of Saccharomyces cerevisiae active culture that was grown for 18 h that was previously maintained in yeast extract peptone dextrose (YEPD) media (2% peptone; 1% yeast extract, and 2% dextrose). Fermentation was carried out at 30°C and 200 rpm. Different samples were collected at several time intervals and analyzed for increasing ethanol concentrations, reduction in sugar concentration, and yeast cell growth pattern.
Yeast cell viability and growth in the hydrolysate of rice straw was assessed by enumerating colony forming unit (CFU) on YEPD media. For this, aliquots were collected from the fermentation flask at different time intervals and then serially diluted in saline solution (0.85% NaCl) and spread onto agar plates. After that, agar plates were incubated at 30°C for 48 h for the colonies of yeast to grow. The fermentation efficiency (%) and ethanol productivity (g/L/h) was calculated as follows (Eq. 4–5):
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Immobilization of enzymes

Laccase supplementation decreased phenolic compounds and significantly increased SY of rice straw. However free enzymes in soluble form were unstable in the reaction mixture and can not be reused. Therefore, various immobilization strategies have been recommended to improve the enzyme properties and process economy for their repeated use. In the present study, immobilization of enzymes through covalent methods was performed on manganic nano particles, which provided the advantage of easy separation using magnets over non-magnetic supports.
Enzyme immobilization could be significantly influenced by pH, and the immobilization of celluclast 1.5 L (a mixture of EG, BGL, and CBH), BGL, and laccase were assessed at a pH range of 3.5–7.5. The IY was in the range of 18.2–94.0, 28.2–83.3, and 38.0–79.3%, respectively. The optimum pH values for celluclast 1.5 L, BGL, and laccase immobilization on the Fe3O4 particles modified by GLA were 7.0, 4.0, and 5.0, respectively. APTES-GLA dual-modified particles showed optimum pH values of 7.0, 4.5, and 5.5, respectively. The maximum IY was observed at 78.3, 73.2, and 62.7% for celluclast 1.5L, BGL, and laccase on GLA- modified particles, respectively. IE was observed 65.8, 94.2, and 71.4%, respectively. Compared with GLA-modified particles, APTES-GLA dual-modified particles showed both higher IY and IE for celluclast 1.5L (94.0 and 93.2%, respectively), BGL (83.3 and 94.6%, respectively), and laccase (79.3 and 88.2%, respectively). Therefore, enzymes immobilized on APTES-GLA dual-modified particles were used for the subsequent studies.

The immobilization of enzymes on the particles was confirmed with the TGA analysis. A significant reduction in weight (16.8, 15.7, and 15.1%, respectively) in the presence of celluclast 1.5L, BGL, and laccase compared with a 7.8% reduction in particles lacking the enzymes suggested the immobilization of enzymes on the APTES-GLA particles. Field emission scanning electron microscope (FE-SEM) was used to confirm the immobilization of enzymes on Fe3O4 nano particles. The immobilization of enzymes on Fe3O4 magnetic nano particles was further confirmed by Fourier transform infrared (FTIR) analysis. Peaks in the range of 535−600cm−1 indicate the vibration of Fe−O. The presence of silica derived from APTES functionalization of nano particles was confirmed by the peak at 955–1010 cm−1. The characteristic stretch at 1550–1650 cm−1 confirmed the presence of NH2 groups. Characteristic bands corresponding to OH stretching were observed at 3200-3400 cm−1 in both free and immobilized enzymes. Fluorescein isothiocyanate (FITC) dye binding to the amino functional group of the protein has been widely used to confirm successful loading of protein on nano particles. Therefore, the immobilization of celluclast 1.5L, BGL, and laccase on APTES-GLA-modified particles was studied by FITC coating. 

Characterization of immobilized enzymes

The influence of temperature and pH was evaluated for the enzymes immobilized on APTES-GLA-modified particles. The higher pH values of 5.5, 5.0, and 4.5 were observed for immobilized celluclast 1.5L, BGL, and laccase compared to those of free enzymes at pH values of5.0, 4.5, and 4.0, respectively. The higher optimum temperature values of 55.0, 55.0, and 45°C were observed for the immobilized enzymes than those of free enzymes at 50.0, 50.0, and 40°C, respectively. Overall, immobilized enzymes retained higher residual activity over broad pH and temperature ranges compared to those of the free enzymes. The stability of enzymes was significantly improved after immobilizationon Fe3O4 nano particles. The half-life (t1/2) at 25°C of free laccase, BGL, and celluclast1.5L was 17.2, 89.2, and 43.5 h, respectively. After immobilization, t1/2 of laccase, BGL, and celluclast 1.5L was increased up to 146, 625, and 371 h, respectively.
Saccharification of biomass with immobilized enzyme cocktail

The cocktails of immobilized enzymes (celluclast 1.5 L, BGL, and laccase) were prepared using APTES-GLA-modified Fe3O4 particles and used for the saccharification of pretreated biomass. Saccharification of biomass was carried out up to 48 h using the immobilized enzyme cocktail with and without laccase. Slower saccharification up to the initial 36 h by the immobilized enzyme cocktail was observed compared to the free enzyme cocktail. However, after 48 h, the SY was higher with the immobilized enzyme cocktail than with the free enzyme cocktail. The maximum SY of 84.6% was obtained after 48 h when laccase was added in the immobilized enzyme cocktail. However, only 68.2% SY was obtained when laccase was not included in the reaction mixture

The effect of laccase on phenolic compounds was also studied with the immobilized enzyme cocktail. In the absence of laccase, the initial total phenolic compound concentration was 0.34 g/L and was increased up to 0.88 g/L after 48 h incubation, resulting in a 61.4% increase in the concentration of total phenolic compounds. In contrast, the concentration of total phenolic compounds was 0.23 g/L when the immobilized enzyme cocktail included laccase. A significant reduction of 73.8% in total phenolic concentration and 19.8% increase in the SY were obtained with the presence of laccase in the enzyme cocktail. Overall, laccase was responsible for the reduction of phenolic compounds in the saccharification reaction mixture followed by the increase of SY.

Enzymatic saccharification of lignocellulosic biomass is one of the most expensive steps in bioethanol production. This cost can be reduced by recycling and reuse of enzymes in the successive saccharification of biomass. Immobilized enzymes can be recovered from the reaction mixture after completion of the process. Nano material-based supports for the covalent immobilization of enzymes showed a significant influence on the enzyme’s properties due to their high surface area and unique structures (Kim et al.2016). Additionally, the magnetic nature of the support allows for easy separation using a magnetic field (Patel et al., 2017).The covalent immobilization of enzymes resulted in strong interactions between the functional groups present on the surface of the support and enzymes to overcome the limitation of leaching, which have been primarily associated with the adsorption of enzymes on the support through week

Interactions (Ghose, 1987; Patel et al., 2017; Kim et al.2016) in this study, GLA and APTES followed by GLA modification of Fe3O4 were used for the covalent immobilization of enzymes including celluclast 1.5L, BGL, and laccase to evaluate the influence of functionalized support on the immobilization properties. Immobilization of celluclast 1.5L and BGL was more efficient compared to that of previous reports using styrene/maleic anhydride copolymer, and amine-modified magnetic and silica nanoparticles (Grewal et al., 2017). Similarly, the laccase immobilized on APTES-GLA-modified Fe3O4 particles was more effective than the previously immobilized laccase on Fe3O4@SiO2@KIT-6 composite magnetite particles (Amin et al.2018).
Interestingly, the immobilized enzyme cocktail exhibited a higher SY of 84.6% as compared to 77.3% by cocktail of free enzymes. In the presence of free laccase, 17.9% higher SY and 58.3% reduction in total phenolic compounds were observed compared to the values obtained by using the cocktail of free enzymes without laccase. Furthermore, the cocktail of immobilized enzymes resulted in 19.8% and 73.8% improvements in SY and reduction in total phenolic compounds, respectively, compared to the cocktail of free enzymes without laccase. These results indicated that the reduction in phenolic compound by using laccase increased the SY. The immobilized enzyme cocktail resulted in a better reduction in total phenol concentration as well as enhanced saccharification. The better performance of the immobilized enzyme cocktail over the free enzymes might be primarily associated with higher stability and their synchronized influence after immobilization as described previously (Periyasamy et al. 2018). Remarkably, the immobilized enzyme cocktail retained a 73.4% SY after the eighth cycle of reuse. The present study showed better results in terms of SY and reusability of enzymes immobilized on magnetic nanoparticles for the saccharification of biomass compared to previously published reports (Ingel et al., 2017; Kumar et al., 2018).
The cocktail of immobilized enzymes showed more beneficial influence to achieve a 25.2% higher growth of S. cerevisiae than the cocktail of free enzymes. The lignin component and its composition affect the saccharification of biomass. The monolignol and its associated phenolic compounds decrease the fermentation efficiency of yeast. The reduction in phenolic compounds by laccase in the enzyme cocktail enhanced the fermentation efficiency of S. cerevisiae during fermentation. Free laccase has been used previously for the detoxification of hydrolysate of lignocellulosic biomass for bioethanol production. Detoxification by using laccase was performed either before saccharification of the biomass or after saccharification to detoxify the biomass hydrolysate (Kalyani et al., 2015; Lee et al., 2012). Separate detoxification requires additional steps and increases the overall cost of the process. In addition to this, the free enzymes were unstable in their soluble forms in the reaction mixture and can not be recycled. In the present study, for the first time, we used a cocktail of immobilized enzymes containing celluclast1.5L, BGL, and laccase in the simultaneous saccharification and detoxification of biomass pretreated with dilute acid. The cocktail of immobilized enzymes was much more stable compared to the free enzymes and was maintained at more than 70% relative SY after 8 cycles, resulting in higher SY and fermentation efficiency than that in previous reports using free laccase in a separate detoxification process ( Oliva- Tarvilla et al., 2016; Alivara et al. 2013; Moreno et al, 2013). The addition of laccase to the enzyme cocktail with Celluclast 1.5L and β-glucosidase reduced the total phenolics concentration in acid-pretreated rice straw biomass by 73.8% and increased the saccharification and ethanol fermentation yields by 33.2% and 33.3%, respectively. 
The cocktail of immobilized enzymes composed of hydrolytic celluclast 1.5L, BGL, and oxidizing enzyme laccase was used to carry out degradation of phenolic compounds and saccharification of pretreated rice straw simultaneously. The cocktail of immobilized enzymes was recycled for further use and holds 70% relative SY up to 8 cycles. The repeated use of immobilized enzymes on magnetic particles conferred advantages compared to expensive free enzyme cocktails, because of the stability in various temperatures and pH values in addition to easy recovery from the reaction mixture. This strategy also led to the improved fermentation efficiency of yeast and enhanced the ethanol production using rice straw, an agriculture waste.
Fast Pyrolysis of Rice Husk

Table 7. The elemental analysis and properties of the raw rice husk
	Ultimate analysis                                                            
	(wt.%)

	Carbon
	39.78

	Hydrogen
	5.69

	Nitrogen
	0.71

	Sulphur  
	0.1

	Oxygen  
	53.72

	Proximate analysis                                                              
	(wt.%)

	Moisture
	14.45

	Volatiles   
	65.76

	Ash  
	13.27

	Fixed Carbon                                                                       
	15.52

	Heating values                                                                    
	(MJ/Kg)

	HHV(High heating value)                                                   
	17.32

	LHV (Low heating value)                                                     
	15.91


*Source: Sakka et al. 2019

About 20% (wt) husk is produced by the raw rice (Besler et al. 1992; McKendry et al. 2002a). It is estimated that about 108 tonnes of rice husk is produced annually in world of which 90% is contributed from the developing countries (Boateng, 1990). Most of the rice husk is underutilized for generating heat energy for cooking, brick industry or remain unutilized or burnt to ash for cleaning. Burning of rice husk creates problem as air pollution by GHG gas emission, and disposal of a huge quantity of left over ash which may be flown by heavy wind into air and different places. Without burning the rice husk it could be decomposed and its biochemical changes could be brought to the biomass of rice husk at high temperatures as other hydrocarbons are decomposed. The decomposition of biomass by application of high temperatures is called pyrolysis and by the process of pyrolysis we can convert rice husk to produce bio-oils (Table 7). 

The fast pyrolysis of rice husk is a thermochemical process in which rice husk is heated in the temperature range of 400 – 600oC in the absence of air and the rice husk decomposes  into three products; bio-char, bio-oil and pyrolysis gas.  The raw bio-oil has to be upgraded because of its high viscosity. There are various bio-oil upgrading processes, but catalytic cracking method shows better potential. Thermal instability and corrosiveness present many obstacles to the substitution of fossil derived fuels by bio-oils. The catalytic cracking method is carried out at medium temperature and atmospheric pressure by addition of catalyst to upgrade the produced bio-oil. In this fast pyrolysis of rice husk HZSM-% zeolite and rice husk ash (RHA) are used as catalysts. RHA is used as catalyst to upgrade bio-oil is employed to reduce cost of the production of bio-oil. By using two heating units in the pyrolysis process, the upgrading of oil could be achieved without use of catalysts, but the catalytic cracking method of bio oil promote the deoxygenation rate and further improves the quality of upgraded oil compared with non-catalytic cracking method.

There is problem associated with the use of catalytic cracking process which the activation of the catalyst caused by coking problems. The deactivation of the catalyst occurs from the inside to outside. In order to maintain the activity of the catalyst, Guo et al. (2009) used tetralin as a solvent that tetralin is produced by the catalytic hydrogenation of naphthalene, mixed with bio-oil at a ratio 1 : 1 to lower the viscosity of the bio-oil and improve the stability and maintain the life of the catalyst. It is reported that the inactivation can be avoided with this additive. Sakka et al.2019 fixed bed cracking of bio-oil without using of additive in their experiment of  fast pyrolysis of rice husk  
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Fig 7. Schematic diagram of the experimental set up of fixed bed cracking of bio-oil by Sakka et al. 2019

The schematic diagram of the experimental set-up is shown in figure 7. The raw bio-oil was firstly introduced into the first heating unit and then introduced into the second heating unit with or without packing of the catalyst. As a carrier gas, N2 gas was fed at the flow rate of 10mL/min from the top of the first heating unit for the continuous withdrawal of the products and the maintenance of the inert atmosphere during the cracking. The product flowing out from the bottom of the second heating unit was in gaseous form, and was condensed in a glass receiver submerged in an ice-water bath. Non- condensable gases were collected in a gas bag. A filter was placed between the ice-water bath receiver and the gas bag for recovering condensable vapor which might leak from the condenser. The second heating unit was filled with 15 g catalyst (the catalytic cracking) while the first heating unit was filled with 30 g of the raw bio-oil. The first heating unit was heated to a specified temperature after the second heating unit was heated to 500 °C for 60 minutes. The bio oil produced is a compex mixture and it contains hundreds of organic compounds such as alcohols, acids, aldehydes, esters, ketones, phenols and lignin derived oligomers etc. (Shuangning et al. 2012)

Table 8 shows the comparison of selected properties between rice husk bio-oil produced and bio-oil upgraded using two different catalysts. The properties of the rice husk bio-oil produced that have the water content of bio-oil derived from pyrolysis of rice husk is 27.14 wt.%, the oxygen contents in bio- oil derived from pyrolysis of rice husk is 54.23 wt.% and the acid value is 87.56 mg KOH/g. It is evident that rice husk bio-oils have much high properties before upgrading. Bio-oil upgraded with RHA catalyst and HZSM-5 catalyst that a significant decrease, the values of water content are 19.6 wt.% and 15.4 wt.%, the oxygen contents are 42.2 wt.% and 37.23 wt.%, and the acid values are 67.4 wt.% and 54.8 wt.%, respectively. In the other elemental analysis has been increased about the elemental analysis value especially in carbon and HHV. The carbon content of RH bio-oil produced was 38.76 wt.% and increased to 45.61 wt.% and 65.10 wt.%, the HHV content are 16 wt.% and increased to 26.5 wt.% and 29.77 wt.% with bio-oil upgraded using RHA catalyst and HZSM-5 catalyst respectively. Even as hydrogen levels are increased but the hydrogen was not totally changed.

Table 8. Comparison of selected properties of the rice husk bio-oil produced and bio oil upgraded
	Ultimate analysis (wt%)    
	RH bio-oil   
	Upgraded bio-oil                                                                     RHA catalyst                         
	Upgraded bio-oil 

HZSM-5 catalyst

	C 38.76 45.61 65.10
	
	
	

	H
	7.31
	7.51
	7.58

	N
	0.17
	0.12
	0.11

	S
	0.0
	0.0
	0.0

	O
	54.23
	42.2
	37.23

	Element analysis

	HHV (MJ/Kg)                           
	16
	26.5
	29.77

	Acid Value (mg KOH/g)          
	87.56
	67.4
	54.8

	Water content (wt %)                 
	27.14
	19.6
	15.4

	Density (g/ml)                             
	1.27
	1.29
	1.32

	Kinematic viscosity (m2/s@45oC)
	12
	4.87
	4.35

	pH  
	2.4
	2.3
	2.1

	Ash    
	-
	-
	-


*Source: Sakka et al. 2019

Conclusion


The utilization of lignocellulosic biomass for bioethanol production necessitates the production technology to be cost effective and environmentally sustainable. Considering the evolution and need of second generation biofuels, rice straw appears a promising and potent candidate for production of bioethanol due to its abundant availability and attractive composition. Biological conversion of rice straw into fermentable sugars, employing hydrolyzing enzymes is at present the most attractive alternative due to environ- mental concerns. Though there are several hindrances on the way of developing economically feasible technology due to its complex nature, high lignin and ash content, several work is going onto develop an efﬁcient pre-treatment method to remove unwanted portion so as to get readily available sugars and considerable success has been achieved till date.  The available  statistics  shows  that the need of bioethanol for transport sector could be met by using rice straw. Approaches in both process engineering and strain engineering still have to be carried out to circumvent the difﬁculties of xylose and glucose co-fermentation and to improve the system efﬁciency. A very balanced and intelligent combination of pre-treatment, hydrolysis and fermentation process has to be selected for maximum efﬁcacy of the process. With the advent of genetically modiﬁed yeast, synthetic hydrolysing enzymes, other sophisticated technologies and their efﬁcient combination, the process of bioethanol production employing rice straw will prove to be a feasible technology in very near future. There was less attempt were taken so far for the production of bioethanol. However our government is trying to increase the production by developing new industry for the bioethanol from rice straw. Though this was one of the new energy source on which future world is going to depend it will be up to our researchers to focus more on this resources and to utilize these sources for the development of the society.
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Fig 3. Sugar content in alkali pretreated rice straw (Source: Yoswathana et al. 2010)





Fig 2. Sugar content in acid pre-treated rice straw (Source: Yoswathana et al. 2010)





×








