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INTRODUCTION 

 World’s population is increasing in leaps and bounds and with a robust increase in population, 

amount of waste generated is also increasing proportionately. In addition to this, amount of fuel 

consumed per person has also been increased and a hike in fuel prices has been noticed in last 

few years. The energy requirement in 2007 was reported to be 14 TW/y which is predicted to be 

about 28-30 TW/y in 2050 (Demirbas A. and Demirbas I. 2007). Waste generation and energy 

consumption have become problematic issue in society and there is an urgent need to solve 

these. Conventional energy sources which have been used since many decades are depleting 

rapidly hence we must switch over towards the alternative source (Demirbas A. and Demirbas I. 

2007) of energy. 

In the 20
th
 century, major researches have been done on the development of fossil crude oil, coal 

and natural gas to exploit the cheaply available fossil feedstock for development of industry to 

produce multiple products and energy to fulfil the growing demand of the present population 

(Bender M. et al 2000 and Bemirbas et al. 2006). Currently, 90% of energy resources are of 

fossil origin and their use is associated with the emission of CO2 to the atmosphere. Our earth’s 

atmosphere receives more than 15 billion tonnes of CO2 every year. Global warming (Stern 

2006) is the result of increased level of CO2 in the atmosphere which is associated with the 

combustion of fossil fuels (Kamm B. et al. 2006). It is evident that accelerating global warming 

is the result of greenhouse gas emission. Carbon dioxide is considered as main greenhouse gas 

(IPCC 2001), but nitrous oxide, methane and several other components also contribute to 

greenhouse gases which cause more  severe harm to global warming than CO2 (Rutz D. et al. 

2007). 

 USDA (United State Department of Agriculture) has defined value-added agricultural products 

as (Ernst & Tim Woods, 2011) “The Agricultural products can be said to be value-added if they 

fulfil one or all of the following criteria: 
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• A change in the physical state or form of the product. 

• The production of a product in a manner that enhances its value, as demonstrated through a 

business plan. 

•The physical segregation of a commodity or product in a manner that results in the 

enhancement of the value of that commodity” 

Biofuels are the fuels which are produced through contemporary biological process such as, 

agriculture and anaerobic digestion, rather than fuels produced by geological processes such as 

formation of fossil fuels (coal and petroleum). Biofuels are the value-added products of 

agricultural residues. Biofuels can be characterised into three main groups; first, second and 

third generation biofuels which can be obtained from food, non-food feed-stocks and 

microalgae, respectively (Ragauskas et al. 2006) but more recently fourth generation biofuels 

are also introduced which are mainly solar fuels and electro-fuels (Eva-Mari Aro, 2016). Many 

food crops have been specifically grown for the production of bio-ethanol. However, bio-

ethanol production from waste materials removed from fruits (pulp mill refuses and rinds) is not 

common (Itelima J. et al. 2013). 

“First generation” biofuels are generally produced from agricultural crops (sugarcane, sugar 

beet, wheat, rice, soybean oil, sunflower and palm oil etc) and there is a highly mature 

technology in converting crops to biofuels (Jeihanipour and Bashiri, 2015). Although biofuel 

production is fruitful which can reduce CO2 emission up to more than 80%, but on the other 

hand agriculture has to fulfil food necessities of 9 billion people, which is predicted growing 

world’s population by 2050, and this is an enormous challenge from an agronomic perspective 

(Jeihampour A. 2011). The consideration of using crops for food or for biofuel may be referred 

to as “Food v/s Energy” conflict (Suurs and Hekkert 2009). Therefore, researchers have to 

decide to move on the production of second and third generation biofuels which can be obtained 

from non-food crops, grasses, agricultural and food wastes, algae etc.   
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The “second generation” biofuel production mainly focuses on the production of biofuels from 

the renewable resources, which could help to minimize the fossil fuel combustion and CO2 

emission in concern to prevent our “Earth” from global warming. Thus, the utilization of 

biomass resources is one of the most effective factors to protect our environment in 21
st
 century 

(Chandra R. et al. 2012). The total annual global primary production of biomass is about 220 

tonnes on dry weight basis that is equivalent to 4500 EJ of solar energy captured each year (Hall 

DO et al. 1998). The examples of wastes which can be used for second generation biofuel 

production are municipal solid wastes, used cooking oil, industrial wastes, agricultural wastes, 

and sewage sludge, which can produce biofuels such as biodiesel, bioethanol, bio-methanol, 

bio-butanol, biogas, bio-hydrogen (Jeihanipour and Bashiri, 2015). 

The “third generation” biofuels are mainly derived from algae feedstock. Ethanol production in 

this era is not a big approach, but when using some renewable source, it may affect in fuel 

world. Bioethanol from algae feedstock are the biofuel which can also to be known as one of the 

most important renewable energy source (Chaudhary et al. 2014). 

The “fourth generation” biofuels make use of novel synthetic biology tools and are just 

emerging at the basic research level. The fourth generation biofuels which are mainly photo 

biological solar fuels & electro-fuels and are expected to bring fundamental breakthroughs in 

the field of biofuels. Production of such solar biofuels is an emerging field technology and 

based on direct conversion of solar energy into fuel by use of raw materials that are 

inexhaustible, cheap and widely available (Eva-Mari Aro, 2016). 

Agricultural biomass is a relatively broad category of biomass which includes the food based 

portions of crops (corn, sugarcane, beets, fruits) and non-food based portions (leaves, stalks, 

cobs of corn stover, orchard trimmings, rice straw, rice husk), perennial grasses, and animal 

wastes (Ralph EHS 2004). Fruit wastes (pulp mill refuse) are the part of cellulosic wastes 

(Pimentel et al. 2005). Globally cultivated top four major crops are wheat, maize, rice and 

sugarcane, respectively in terms of total cultivated area and production and produces majority of 
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lignocellulosic biomass in agriculture sector. Table 1 lists estimated world annual production of 

major agricultural crop based biomass (Chandra R. et al. 2012). All these four major crops yield 

about 5358.54 million tonnes of dry biomass. Though its major part is utilized as animal’s 

feedstock but a huge part of this biomass is burnt in fields (Ralph EHS 2004).  

     Table 1: Estimated World Annual Production of Major agricultural crop based Biomass 

Crop Total 

cultivated 

area (million 

hectare) 

Total grain 

yield (million 

tonnes) 

Average grain to 

aerial biomass ratio 

Total estimated 

dry biomass 

(million tonnes) 

Maize 159.531 817.110 0.30 (Bolanos J. et al. 

1993) 

2723.70 

Wheat 225.437 681.915 1.0 (Duke JA. 1983)  681.92 

Rice 161.420 678.688 0.75 (Yoshida S. 

1981) 

904.92 

Sugarcane  26.2       - 40 tonnes (Deren et 

al. 1991) 

1048.00 

 

 In general, all types of biomass (McKendry 2002) which contain a large amount of 

carbohydrates, proteins, fats as main components can be used as substrates for biofuel 

production (Mital KM. 1996). It is predicted that lignocellulose based biomass can produce 

bioethanol (second generation biofuel) up to 442 billion L/year, though there is still no large 

scale plant for this purpose (Festel et al. 2014).  

Wastes of interest: According to table 1 rice is the second major agricultural crop which 

provides about 905 million tonnes of dry biomass. Disposal of rice straw (RS) is problematic 

mainly because it is voluminous and light, more over because of its lignocellulosic content; it is 

not easily bio-degradable. It is disposed off mainly by combustion which is not environment 

friendly as it produces a large amount of carbon-dioxide. Energy can be extracted from rice 

straw via anaerobic digestion hence this biomass can be used for production of second 

generation biofuels (bio-ethanol and bio-methanol). This approach will be doubly beneficial for 

environment and will also help in reducing energy crisis.  
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Agra (The Taj city) is not famous only for Taj Mahal but it is also well known for its famous 

petha sweet which is prepared by petha fruit (Benincasa hispida) in the streets of Noori 

Darwaja. There are around 500 petha industries units running in Agra (Adesh Mohan 2001). 

These petha industries use coal for the processing of petha sweet. Supreme Court has banned 

the use of coal in Agra but most of these units are using it. Processing of petha to make it sweet 

involves treatment of petha fruit with lime water. After the treatment this used lime water 

discarded untreated. This petha waste water (PWW) discarded is highly alkaline and can be 

used for the pretreatment of rice straw. This petha waste water can be collected in the morning 

by taking appointment with the owner of petha industry. In addition to petha waste water, dairy 

waste water (DWW) is also discarded in a huge amount from dairy industry after preparation of 

dairy products. This DWW is acidic in nature and can also be used for pretreatment of rice 

straw. This can be collected from dairy industry in the morning time. 

Hence it is proposed that rice straw would be the biomass used in the present research. Other 

wastes used along with rice straw will be Dairy waste water and Petha waste water.  

Anaerobic digestion is the technique which can solve the two crucial problems of waste disposal 

and energy crisis at the same time. Energy can be extracted from wastes by its anaerobic 

digestion. This process leads to the production of methane, hydrogen and other forms of 

biofuels by degrading the organic waste which contains carbohydrate or sugar content in the 

presence of bacteria (Antoni et al. 2007). Hydrogen, methane, methanol, ethanol and butanol are 

renewable energy sources and have the capability to fulfil the energy demands and can also 

replace the conventional sources of energy. Biofuels formed during this anaerobic fermentation 

have remarkable applications in fulfilling the energy needs. In anaerobic degradation (Joyner 

A.E. et al. 1977 and Nandi R. 1998), anaerobic heterotrophic bacteria utilize organic feedstock 

in absence of light to produce biofuels [Rashika J. et al. 2010, Serpil et al. 2010, Ntaikou I. et al. 

2010 and Guo Mei et al. 2010). Bio-methanol and bioethanol are the biofuels which can be 

extracted from this bacterial process and this includes the following steps: 
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 Hydrolysis (Parawira W. et al. 2005): A reaction where particulates are solubilized and 

large polymers are converted into simple monomers. 

 Acidogenesis (Garcia-Heras et al. 2003): A biological reaction where simple monomers 

are converted into volatile fatty acids. 

 Acetogenesis (De Bok et al. 2004): Volatile fatty acids are converted into acetic acid, 

carbon dioxide, and hydrogen.  

 Methanogenesis (Kalyuzhnyi, S. et al. 2000 and Hwang, S. et al. 2001): Further, 

acetate and hydrogen are converted into methane and carbon dioxide, while hydrogen is 

consumed. 

Main products of anaerobic digestion are: 

 Bio-hydrogen (David B. et al. 2004): 

C6H12O6 + 2H2O → 4H2 + 2CH3COOH + 2CO2 

 

 Methane or Consumption of hydrogen (Thauer R.K. 1998): 

                         CO2 + 4H2 → CH4 + 2H2O 

                         CH3COOH → CH4 + CO2 

Other biofuels like methanol and ethanol can be produced as: 

Methanol production involves the biological oxidation of methane to methanol, based on 

methane mono-oxygenase activity of methanotrophic bacteria (Corder R.E. et al. 1986; Park and 

Lee, 2013). Methane produced during anaerobic digestion can be converted biologically into 

methanol by the following reaction:- 

                             CH4 + 1/2O2 → CH3OH  

Large scale production of methanol from natural gas and coal is a well-developed technology. 

Methanol prices today are competitive with hydrocarbon fuels. Methanol is a valuable liquid 

fuel and raw material for various synthetic hydrocarbon products. The petrochemical industries 

use methanol as raw material for production of various chemicals such as MTBE, 
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formaldehyde, acetic acid and biodiesel via trans-esterification (Khoshtinat M. et al. 2010). 

Methanol is a high octane liquid fuel which can be blended with gasoline and ethanol and can 

be used with today’s vehicle technology at minimal incremental costs (Bromberg and Cheng, 

2010). As fuel methanol is the most common type of alcohol’s used for performing the 

esterification reaction, as it is the least expensive industrial alcohol. In comparison with ethanol, 

it has a lower price, higher reactivity, simpler recoverability, preventing soap property and 

azeotrope formation tendency (Siddiquee and Rohani, 2011).  

Ethanol production (Saccharification and Fermentation) involves enzymatic production of 

ethanol in absence of oxygen using microbes such as Saccharomyces cerevisiae (Kothari et al. 

2012 and Li C. et al. 2007). 

          C6H12O6 + 2H2O → C2H5OH + CH3COOH + 2CO2 

Bioethanol is currently the most common biofuel in terms of produced volume which is 

industrially produced mainly from corn and sugarcane (Jeihanipour and Bashiri, 2015). 

Production of ethanol from agricultural and biodegradable wastes provides a viable solution to 

multiple environmental problems simultaneously creating sink for waste and renewable energy 

production as well. Using ethanol-blended fuel for automobiles can significantly reduce 

petroleum use and greenhouse gas emissions (Wang et al. 1999). The production cost of ethanol 

from these agro-feed-stocks is more than twice the price of gasoline. The high feedstock cost 

poses a major obstacle to large scale implementation of ethanol as a transportation fuel (Reith et 

al. 2001). Bioethanol from these materials provides a highly cost effective option for CO2 

emission reduction in the transportation sector (Europe GM 2002). 
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LITERATURE CITED 

 Depletion of fossil fuels is of global concern. The demand for energy has been phenomenon 

due to the rapid development of certain growing economies, especially in developing countries. 

The problem of using fossil fuels can have an environmental impact due to the oxidation of 

CO2, SO2 and NO2 emission. Also because of the environmental pollution from internal 

combustion engines, the increasing global concern has compelled the researchers worldwide to 

focus on the renewable alternative fuels (Mohan S. et al. 2014). In order to overcome these 

problems, there are alternative fuels that can replace fossil fuel such as hydrogen, bioethanol 

and other biofuels (Hossain et al. 2010). Fermentation processes using anaerobic 

microorganisms provide a promising path for converting biomass and agricultural wastes into 

chemicals and biofuels (Bahl et al. 1982). Acetone-butanol-ethanol fermentation (ABE 

fermentation) with the strict anaerobic bacterium, Clostridium acetobutylicum, is one of the 

most promising methods for biofuel production. Studies have been carried out to overcome the 

problem of energy crisis by using different types of biomass such as agricultural biomass, food 

wastes, fruit and vegetable wastes etc. 

Ray et al. (2013) has explained in a review article on Anaerobic Digestion (AD) of Kitchen 

wastes and have identified AD an effective, controlled and enclosed version of anaerobic 

breakdown of organic wastes which releases methane. AD produces biogas which contains 

around 60 per cent of methane and 40 per cent of carbon dioxide (CO₂). The left over solid 

residue is called digestate which can be used as soil conditioner to fertilise land. 

Methane generation potential of the major lignocellulosic agricultural crop biomass has been 

explored by Chandra R. et al. (2012). Furthermore, the methane production potential and its 

energetic analysis have also been compared with the bio-ethanol productions. The overall 

parametric analysis involved in anaerobic digestion and alcoholic fermentation explore that 

methane generation from lignocellulosic agricultural crop waste biomass is more economical 

and environmentally beneficial way of biomass utilization and also a sustainable way of energy 

production. 
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Biological production of methanol from methane using  methanotrophs was proposed by Corder 

et al. 1986, applying ordinary temperature and pressure and found that high product yield in a 

single step reaction and simplified purification technology are possible with methanol as the 

only product. Methane consuming bacteria usually metabolize methane completely to CO2, with 

methanol as an intracellular intermediate; therefore methanol production requires manipulation 

of the ordinary enzymatic reactions. A method of bio-methanol production from various kinds 

of biomass resources, such as sawdust and bark of Japanese cedar, chipped Japanese larch, 

bamboo, salix, cut waste wood from demolition sites, sorghum, and bran, straw, and husks was 

introduced by Nakagawa et al. (2005). Lignocellulosic resources (wood materials) and rice bran 

were also estimated to produce a high methanol yield (55% by weight), whereas rice straw and 

husks were estimated to produce lower methanol yield of 36% and 39%, respectively. In 

another study Park and Lee (2013) reported, the biological oxidation of methane to methanol, 

based on methane mono-oxygenase activity of methanotrophic bacteria. Oxidation is highly 

selective under mild condition, but conversion rate, yield and stability of catalytic activity 

should be improved for industrial methanol production. Since methanotrophic bacteria produces 

methanol as only precursor of formaldehyde which is further used to synthesize various 

essential metabolites. They have concluded that the direct use of bacteria for selective methanol 

production in a large amount seems unsuitable.    

Ethanol production from hydrolysed agricultural wastes using mixed culture of Zymomonas 

mobilis and Candida tropicalis by acid, alkali and enzyme hydrolysis of fruit and vegetable 

residues has been reported by Patel and Lal (2007). Sharma et al. (2007) optimized the 

fermentation parameters for production of ethanol from kinnow waste and banana peels by 

simultaneous saccharification and fermentation using cellulase and co-culture of Saccharomyces 

cerevisiae G and Pachysolen tannophilus MTCC 1077. Periyasamy et al. (2009) also studied 

bioethanol production from sugar molasses using saccharification and fermentation. The 

optimal values of the parameters such as temperature, pH, substrate concentration, enzyme 

concentration and fermentation period were 35
0
C, 4.0, 300 gm./L, 2 gm./L and 72 h 

respectively. Under these optimum operating conditions, 53% bio-ethanol yield was achieved. 
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Ethanol production from cotton-based waste textiles was studied by Azam Jeihanipour et al. 

(2009) using alkali hydrolysis to convert cotton and jeans into glucose followed by fermentation 

using Saccharomyces cerevisiae for conversion of glucose into ethanol. Production of ethanol, 

biogas, pectin and limonene from citrus wastes (CWs) through an integrated process was 

investigated by Pourbafrani et al. (2010). Hossain et al. (2010) produces bioethanol from rotten 

pineapples waste through fermentation by commercial yeast, Saccharomyces cerevisiae. The 

influencing parameters such as the effects of pH, temperatures, fermentation period, substrate 

concentration with and without water, components of pineapples from rotten and fresh ones 

were investigated. Alvarez et al. (2010) gave a methodology for optimising feed composition 

for anaerobic co-digestion using three wastes pig manure, tuna fish waste and biodiesel waste. 

Production of ethanol from mango (Mangifera indica L.) peel by Saccharomyces cerevisiae 

CFTRI101 using the nutrient supplementation such as yeast extract, peptone etc. has been 

reported by Reddy et al. (2011). Hadeel et al. (2011) have also used Saccharomyces cerevisiae 

for the production of ethanol from rambutan fruit waste biomass.  

Ding et al. (2011) investigated the potential of using coconut husk as substrate for bioethanol 

production. In this study, feasibility of using microwave-assisted-alkaline pretreated coconut 

husk as carbon source was investigated for batch ethanol fermentation using simultaneous 

saccharification and fermentation process. Simultaneously, coconut husk was treated with 20, 

25 and 30% sodium hydroxide solution at 100 
0
C for 2-3 h under pressure to obtain the coconut 

husk cellulose for ethanol conversion by Vaithanomsat et al. (2011). For this process 

commercial enzymes celluclast 1.5L and Novozyme 188 were used for cellulose hydrolysis and 

yeast for ethanol fermentation. Delignification of coconut husk was also carried out by 

microwave assisted chemical pretreatment for biofuel production, using acids and bases. It was 

found that 3.5% microwave assisted NaOH shown best results in removing the lignin content 

and increasing the cellulose content, Laghari et al. (2015). The enzymatic production of 

bioethanol from cassava and sweet potato peels was examined using two groups of organisms, 

i.e. Gloeophyllum sepiarium and Pleurotus ostreatus to hydrolyse 20g, 35g and 50g of 

substrates at 28
0
C for 7 days by Oyeleke et al. (2012). Zymomonas mobilis and Saccharomyces 
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cerevisiae were further used to ferment the substrates at 28
0
C for 5 days. The fermented liquid 

was distilled at 78
0
C and quantity of ethanol produced was determined. Vegetable and fruit 

wastes were converted into viable products using batch submerged fermentation by Kandari et 

al. (2012). The fermentable sugars in fruit peels were quite comparable for alcohol (14.6-15.2 

w/v). The maximum alcohol was produced within 36 hours of fermentation in papaya peels 

extract followed by banana and apple peel extract (5.90-4.94%). In case of turnip peel extract 

the alcohol produced was 1.5 % (w/v). Almost 85-95% was observed in all four different set of 

experiment. The highest productivity was 0.83, 0.53 and 0.14g/l/h for papaya, apple and turnip 

peel extract respectively after 48h of incubation. Production of bioethanol from rice straw by 

popping pretreatment was studied by Wi, et al. (2013). The optimal doses of cellulase and 

xylase enzymes were 23 FPU and 62 IU/g biomass, respectively. Itelima et al. (2013) studied 

the production of bioethanol from banana peelings, plantain and pineapple peels by 

saccharification and fermentation process for 7 days, using co-culture of Aspergillus niger and 

Saccharomyces cerevisiae. Beside that, Bhandari et al. (2013) studied the production of biofuel 

from fruit rinds using Tricoderma viride and Saccharomyces cerevisiae for saccharification and 

fermentation respectively. The amount of ethanol produced after fermentation was analysed by 

gas chromatography and found to be highest for the same fruits with yields of 4.64g.L
-1 

and 

4.38g.L
-1 

respectively. The results indicate the promising future for generation of ethanol from 

cellulosic wastes on a large scale. Bioethanol was also produced from corn and sweet potato 

used as substrate by solid submerged fermentation and saccharification with yeast for 72 hours, 

Meenakshi et al. (2014). A cost effective method for production of ethanol from sugar beet and 

its estimation by modified dichromate method was introduced by Nakade Dhanraj B. (2014). In 

this method sugar beet roots were fermented by Saccharomyces cerevisiae at 30
0 
C

 
for 48 hours 

and estimation of produced ethanol was done with the help of modified dichromate method and 

found that this method is 99% effective for ethanol estimation. Production of bioethanol from 

Banana pseudo stem was investigated by Ingale et al. (2014) using different chemical and 

biological pretreatments. Two fungal strains Aspergillus ellipticus and Aspergillus fumigatus 

were reported for producing cellulolytic enzymes on sugarcane bagasse which were used under 
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co-culture fermentation on banana pseudo stem to degrade helocellulose and facilitate 

maximum release of reducing sugars. The hydrolysate thus obtained was fermented by 

Saccharomyces cerevisiae NCIM 3570 to produce ethanol. Enzymatic hydrolysis of waste paper 

for bioethanol production was enhanced by using separate saccharification followed by 

fermentation, Guerfali et al. (2015) in which two types of waste papers i.e. news-papers and 

office papers were used. Hydrolysis step was conducted with a mixture of cellulolytic enzymes 

produced locally by Trichoderma reesei Rut-C30 (cellulose over producing mutant) and 

Aspergillus nigerF38 cultures. Surfactant pretreatment effect on waste paper enzymatic 

digestibility was studied and Triton X-100 at 0.5 % (w/w) has improved the digestibility of 

newspaper about 45 %. 

Based on the above literature, the present research work would be focussed on the extraction of 

energy from agricultural wastes by saccharification of its lignocellulosic content. 
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OBJECTIVES 

 Pretreatment of rice straw and bacterial culture separately for biofuel production. 

 Effect of the above pretreatment methods on the optimal production of biofuels e.g. bio-

methanol and bioethanol from mixed agricultural wastes would be studied. 

 Isolation of appropriate bacteria responsible for biofuel production would be carried 

out. 

 Correlation of results obtained would be studied using available statistical/mathematical 

tools. 

METHODOLOGY 

Reported pretreatment methods are either, physical, chemical or enzymatic. Attempt 

will be made to pretreat the lignocellulosic waste with another waste (acidic or alkaline 

in nature) instead of using chemicals. This pretreatment would enable the hydrolysis of 

the waste to simple sugars which can be fermented to biofuels.   

 For enhanced production of biofuels from agricultural wastes, pretreatment of the rice 

straw and bacterial culture would be carried out separately. 

 Biofuels produced would be quantified using Gas Chromatography. 

 Initial and final (at the end of the process) surface analysis of the rice straw would be 

done by S.E.M. 

 Isolation of bacteria responsible for respective biofuel production would be carried out 

(Corder R.E. et al. 1986). 

 Optimization of the process will also be done so as to get better production yield.  

 Statistical models will also be applied for the authentication of the results.  

 In addition to this progress of the experiment will also be monitored using various 

physical parameters like glucose, chemical oxygen demand and total solid content. 
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