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ABSTRACT 

It is vital to ensure the safe disposal of organic residues, in particular due to the accumulation of organic waste 
contributing to environmental pollution, while also spreading epidemics, diseases and unpleasant odours, and 
releasing ammonia and other harmful gases. This has led researchers to consider a number of direct applications 
for organic waste, including biotechnological applications. These are widely known to offer ecological and 
economic benefits, including: (1) limiting fossil fuel consumption; (2) reducing polluting emissions; (3) facilitating 
the production of cost-effective raw materials; and (4) developing a suitable substrate for a variety of 
microorganisms. Sustainable bioenergy (i.e. bio-gas, bio-diesel and bio-butanol) is an end product of biotechnology 
and an attractive solution for the disposal of organic feedstock. Carbohydrates form the primary ingredient of the 
organic fraction, while the majority of such polymers are readily microbial degradable. This review therefore 
focuses on isolated strains of different microorganisms with the capacity to utilise one or more forms of organic 
waste as a sole carbon source from different residue, in order to produce biofuel as its final products. The isolation 
involves: (1) the collection of random samples from soil exposed to organic waste; (2) purification of the microbial 
isolates; and (3) a comparison of the capabilities of the microbes, in order to identify the most valuable strain. 
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INTRODUCTION 
Biofuel industries have previously been employed for the production of explosives during the First World War, due 
to the large demand for acetone as a solvent for the production of cordite [1]. Biofuel industries are once again 
attracting considerable interest, due to the global increase of the demand for energy (in particular by emerging 
economies) and the recent instability in global oil prices. The primary source of energy is currently crude oil, which 
is considered unsustainable, while world energy consumption is estimated to grow by 57% by 2030 [2]. In addition 
to concerns related to sustainability and economics, there has also been an increase in the environmental impact of 
petroleum being the sole source of energy. The burning of crude oil is currently increasing the emissions of harmful 
greenhouse gases in the atmosphere, thus contributing to air pollution [3]. Therefore, concerns related to 
environmental issues, along with the rising price of crude oil, have promoted research into alternative energy. One 
solution consists of bio-energy technologies, including the utilization of biomass by microorganisms. However, 
much work still needs to be done to achieve the target of converting the actual economic pattern into a bio-based 
economy. Microbial biotechnology approaches are currently being investigated for the use of microorganisms to 
produce various versions of biofuel (i.e. alcohols; hydrogen; biodiesel; and biogas) from various crude materials, i.e. 
carbohydrates; oil crops; agricultural and animal residue; and lignocellulosic biomass.  
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Bio-ethanol and bio-diesel are considered the main biofuels suitable for use in transportation, while biogas has also 
found a small number of large-scale applications in some European areas. Bio-butanol was recently considered a 
promising liquid biofuel, due to properties including its high energy levels, low volatility and hydroscopicity [4]. At 
the same time, it can be also used directly, or mixed with gasoline, without requiring any modification of existing 
engines [5].  
These forms of fuels can be defined according to the conversion technique still under studying and improving, pilot 
or demonstration phases, and refers to 2nd or 3rd generation biofuels [6]. It is thus assumed that the future of the 
industry of bio-butanol, bioethanol and biodiesel (beside other developed biofuels) will depend on processes 
described as low CO2 emissions and by utilizing organic wastes differing from those traditionally related to the 
food-supply cycle. 
 
MICROBIAL BIOFUEL 
2.1. Biodiesel  
Biodiesel production through the use of microorganisms is considered a promising alternative for the production of 
biodiesel. Well-known microbes (e.g. microalgae, bacteria, fungi and yeast) can amass intra-cellular lipids 
(primarily triacylglycerol) into a huge amount of their biomass. The oil of these oleaginous microbes has the 
potential to be employed as the crud biomaterial for biological diesel production during transesterification, at the 
same line with the plant-based processing [7]. The use of fast-growing microbes could prove particularly effective, 
as it is potential employ a large kind of feedstock (i.e. sugar-cane) with extraordinarily greater product per one-
hectare in comparison with seeds of the rape plant and biological mass, and therefore able to produce biodiesel 
which uses a smaller proportion of arable land. Furthermore, interest has grown following molecular engineering 
and biosynthetic aiming to modify well investigated microbes (i.e. Escherichia coli and Saccharomyces cerevisiae) 
into bioenergy cell plants, by initiating an ester synthesizing route with the potential to result in the immediate 
product of fatty acid ethyl esters (FAEEs) by directly esterifying the bioethanol with the acyl-moieties of the CoA 
thioesters of fatty acids [8]. Oleaginous microorganisms (Fig.1) could also provide a new lipids raw material for 
biodiesel industry. Oils also can be extracted from fast stable growing microbes, then trans esterified through 
simple-chain alcohols, thus producing a value quality biodiesel ester that qualify with current standards [9]. The oils 
accumulate within specific organelles (i.e. lipid bodies) within the cell and provide sterols and fatty acids for 
microbial anabolism. The key parameters impacting on lipid accumulation in microorganisms are: (1) nitrogen; (2) 
carbon: (3) C: N Ratio; (4) pH; (5) agitation rate; (6) temperature; and (7) length of incubation. [10] 
The yield and lipid types are dependent on number of factors, including culture conditions, types of organism, and 
selected substrate [11]. Microalgae is potentially the most favourable crude material to supply a high percentage of 
lipids, which can be directly synthesised into renewable biodiesel. Furthermore, high oil yields (i.e. 3.4 times) 
require only a small area of land area for cultivation in comparison to corn, thus becoming a promising source of 
biodiesel production. Microalgae oil generally consists of 20% to 60% of dry weight biomass, and can reach 
approximately 80% in some genera, i.e. Botryococcus, Nannochloropsis and Schizochytrium. Microalgae oils 
primarily consist of unsaturated fatty acids, i.e. linolenic acids, linoleic, oleic and palmitoleic. Saturated fatty acids 
are also produced in a low concentration, i.e. stearic and palmitic [12]. 
 

 

Fig 1: The familiar lipid profiles of oleaginous microorganisms. 
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On the other hand, a number of bacterial strains can also be used to produce lipids, in order to obtain the esters that 
can constitute biodiesel (Fig.2). The majority of bacterial strains primarily produce complex lipids, with a small 
number of species capable of producing lipids with the potential to be used as an indicator strain for biodiesel [13]. 
The sole resource of lipids in these particular strains are triacylglycerols (TAGs), while some specious of 
Actinomycetes can produce TAGs to great scales, as well other bacterial genera of Acinetobacter, Mycobacterium 
and Streptomyces [14]. The bacterial TAGs are specifically extracted inside the cell during standard cultivation 
conditions using simple uptake of available carbon under pressure. Furthermore, a number of studies have been 
employed as part of an extensive investigation into metabolic fatty acid in extensive bacterial strains to engineer 
Escherichia coli for biodiesel, which is directly produced from simple carbohydrates. 
Similarly, fungus is one of the lipid-producing source for the biodiesel industry. Fungal genera capable of producing 
great amount of lipids (i.e. approximately 75%) include Humicolalanuginosa [15]. Biodiesel esters can also be 
extracted by Mucorcircinelloides species by estimated amount 19.9 % (by wt). Two procedures are followed to form 
the fungal esters: (1) conversion of accumulated lipids; and (2) lineal conversion of dry-weight fungal biomass. The 
product of the lineal method consists of fatty acid methyl-esters (FAME), with a high and pure product (over 99%) 
for all catalysts as opposed to those from the double convert stages (i.e. conversion of extracted lipids) process. 
Furthermore, the product of these forms of esters can be used as biodiesel. The new bifunctional wax is ester 
synthase/acyl-CoA:diacylglycerolacyltransferase (WS/DGAT), which is capable of synthesising wax esters from 
alcoholic solvents and fatty acid coenzyme A- thioesters (acyl-CoA) [16, 64]. The biodiesel yielded by mentioned 
pathway mostly ethanol-yielding fatty acid ethyl esters (FAEEs), which demonstrate an improved performance in 
comparison to methanol-yielded fatty acid methyl esters (FAMEs) [17]. 

 

Fig 2: Phylogenetic tree demonstrating the selected bacterial strains capable of forming lipid profiles of oleaginous 
microbes in relation to the presentative protein sequence of bacteria. The neighbour-joining tree was constructed 
based on sequences of control taken from the NCBI database using clustal omega software. 
 
2.2. Biogas  
Biogas has emerged as an effective source of renewable energy, being a mixture of different gases produced from 
the action of anaerobic microorganisms on organic substrates, i.e. domestic and agricultural. It contains a low 
proportion of gases (i.e. CO2, H2, N2, and O2), whereas methane is present in a high proportion, i.e. 50% [24]. If the 
methane content is over 50%, then the mixture of gases in biogas becomes combustible [25]. The second larger 
proportion of biogas used as energy resource is hydrogen, whose biological production process is both a pollution 
decrease and local energy economy. Bioprocessing methods produce hydrogen that is low energy intensive than 
chemo-electrical methods, due to biological style being generally undertaken at ambient temperature and pressure 
[26]. Hydrogen product by means of anaerobic microbes is practically simpler than other bio processing, due to 
proceeding at a higher rate while lacking any need for a light source [27]. 
 
2.2.1. Stages of biogas production (H2 and CH4) 
Biogas is produced in a series of different metabolic reactions involved in anaerobic decomposition, i.e. hydrolysis, 
acidogenesis, acetogenesis and methanogenesis [28]. Hydrolysis and methangensis are of greater importance, due to 
their association with the production of hydrogen and methane, respectively. Hydrolysis is a biologiclytic process 
whereby the polymers (i.e. lipids, polysaccharides and proteins) of which the substrate is made are degraded back to 
their original water-soluble building blocks (i.e. oligomers and monomers: long-chain fatty acids, monosaccharides 
and aminoacids). Hydrolysis of complex molecules is catalysed by extracellular enzymes, some of which contain 
cellulase, amylase, protease, and lipase. In general, organic residue stabilisation does not happen through hydrolysis, 
and then the organic materials are merely transformed into a dissolvable form capable of being utilised by the 
bacteria to produce H2 and CO. The last phase is methane formation, which is the final product of fermentation 
processing. Formic acid, acetic acid, methanol, and hydrogen can be used as energy resources by several 
methanogens [29]. 
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A number of different groups of microorganisms are involved in the degradation of the organic substrate into 
volatile fatty acids (i.e. actinomyces, thermonospore and shewanella), however the primary contribution in methane 
production is by Methanbrevibacter, Methanosarcina [30]. Approximately 70% of methane production is due to 
acetoclastic and CO2 methanogens, which convert acetate into methane [31]. For some methanogenic bacteria, the 
optimal growth temperatures are: 37-450C for mesophilicMethanobacterium; 37-400C for Metanobrevibacter; 35-
400C for Metanolobus, Methanococcus, Methanoculleus, Methanospirillum and Methanocorpusculum; and 50-550C 
for thermophilicMethanohalobium and Methanosarcina [32]. Anaerobic digestion is generally undertaken at 
mesophilic temperatures [33].  
The production of methane is a complete process operated under anaerobic conditions, however, a two-stage 
anaerobic digester is used to collect both H2 and CH4 in a single process. In a two-stage reactor, the acidogenesis 
and methanogenesis processes operate separately, potentially increasing the stability of the complete process by 
controlling the acidification phase in the hydrogen-producing stage, and hence preventing the inhibition of the 
methanogenic population during the methane-producing stage [34]. Therefore, reactor respective gases can be 
collected at different stages and used as an energy source. In general, hydrogen production from organic substrate is 
accompanied by the production of acetate or butyrate, which can prove beneficial for methane production. A series 
of reactions for H2 and CH4 is given below: [35]. 
C6H12O6 + 2H2O→4H2 + 2CO2 + 2CH3COOH, C6H12O6 + 2H2O→ 2C4H8O2 + 2H2 + 2CO2 

2.2.2. Substrate for biogas production 
A large number of factors are impacted by biogas yield, including the type and composition of: substrates; 
temperature; moisture; bioreactor design; and microbial composition. However, biogas contains the potential for 
considerable variation due to the type of substrate employed. As demonstrated in Table 1, a wide range of substrates 
have been used for the production of biogas, including plant and animal waste, along with industrial waste (i.e. 
brewery waste and carbonated soft drinks’ sludge) [35]. Similarly, a number of researchers have reported the 
potential of obtaining biogas from various materials, including: rice straw [36]; municipal solid waste [37]; dairy 
manure [38]; poultry waste [39]; and food waste [40]. A comprehensive review of the potential of different 
substrates for biogas production is outlined in Table 1, which reveals that biogas can be efficiently produced from a 
large number of organic and waste resources. Overall, there is no doubt of the potential for the anaerobic digestion 
process to produce biogas to be used as alternate source of sustainable heat and power. Nevertheless, further studies 
are required to increase the potential for the application and commercial use of biogas. Further potential could be 
harvested by isolating novel bacterial strains that are capable of biogas production in harsh conditions. Similarly, 
field studies are required to optimise the factors impacting on anaerobic digestion, in order to ensure maximum 
conversion of substrate into biogas. 
 

Table 1: A comprehensive review of the potential of different substrates for biogas production 

Substrate Temperature. Digestion Time References 

Rice straw 37 40 41 

Corn straw 37 35 42 

Wheat straw 35 45 43 

Municipal solid 35 200 44 

waste Fruit and vegetable wastes 35 70 45 

FW and dairy manure 36 160 46 

Food Waste 37 225 47 

Goat manure 35 55 48 

Poultry manure 55 20 49 

Waste activated sludge 37 10 50 

Asparagus stem 35 60 51 
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2.3. Bioethanol 
Due to fossil fuels being the major contributor to global warming, there is currently a need to establish the cleanest 
liquid fuel possible with the least carbon emissions. Increasing attention has therefore been paid to the conversion of 
biomass into fuel ethanol, with advanced technology being developed to produce ethanol from the fermentation of 
biomass. The conversion of biomass into ethanol requires a group of microorganisms that produce the enzyme 
cellulase for the hydrolysis of the lignocellulose of plant materials. In order to produce large amounts of energy, 
enzyme producing microorganisms are immobilised on a stable surface for saccharification and for the fermentation 
of sugar to convert into ethanol with high levels of efficiency and in a cost effective manner. A number of 
microorganisms are potentially involved in the decay of a dead body, and are able to produce ethanol. 
Approximately fifty-eight bacterial species, seventeen strains of yeasts and twenty-four species of mould capable to 
produce ethanol, in addition to other metavolatiles, during multiple intricate metabolic routes [52].Clostridia has the 
capability to produce 1-butanol during the butyrate and butanol-acetone anaerobic route that proceed at the same 
time of ethanol production. The higher-alcohols and 1-butanol might be generated together with ethanol from all 
suitable organic residue by various complicated bioprocessing and biochemical pathways [53]. Notable sides of their 
formation involved a dependence on glucose uptake system, with their appearance coinciding with the produce of 
ethanol and the predominance of 1-propanol mostly, spite of that the amount of their production is unstable. The 
appearance of 1-butanol during production processing has, in parallel, been showed as a clear reflection of ethanol 
production. A number of organisms have been investigated for ethanol production, i.e. Zymomonasmobilis; 
Corynebacteriumglutamicum; Pichia stipites; Clostridium thermocellum; Clostridium phytofermentans; Imported 
Saccharomyces cerevisiae and Escherichia coli [54]. 
 
2.4. Biobutanol 
Butanol can, in a similar manner to ethanol, be made by the microbial fermentation of sugar, starch or cellulosic 
feedstocks. Biobutanol forms an alternative to conventional transportation fuels, with its benefits including: 

- A higher energy content: the energy density of biobutanol is between 10% and 20% lower than that of 
gasoline.  Moreover, the energy content of biobutanol is relatively high among gasoline alternatives. 

- Lower reid vapour pressure: biobutanol has, in comparison to ethanol, a less (RVP), leading to decrease the 
volatility and evaporative emissions. 

- Increased energy security: biobutanol has the capacity to be produced domestically from a variety of 
feedstocks. 

- Fewer emissions: carbon dioxide is captured by growing feedstocks, thus leading to a reduction in overall 
greenhouse gas emissions.  

Biobutanol production is based on a fermentation process by solventogenic Clostridium sp. bacteria (Weizmann 
organism) and other microbial species, as shown in Figure 3 (below). 

 

Figure 3. The familiar Biobutanol production of microorganisms [57, 58, 59, 60] 

http://www.afdc.energy.gov/glossary.html#VaporPressure
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Moreover, in order to ensure that the production process is economical, sugars extracted from the pretreatment of 
lignocellulosic biomass are employed as substrates for fermentation. The solventogenic fermentation process is 
frequently limited by a number of specific factors, i.e. substrate inhibition, butanol toxicity in the medium, slow 
growth, and hence, lower cell density. Apart from these limitations, biobutanol yield is also reduced as a result of the 
production of other end products, e.g. acetone and ethanol. In order to address these issues, researchers have 
genetically developed a number of microbial strains in order to increase their capacity for improved biobutanol yield 
with several bacterial species, as demonstrated in the phylogenic tree (Figure 4) [55, 56]. 

 

Fig 4: The Phylogenetic tree, demonstrating the selected bacterial strains capable of forming bio-butanol production 
in relation to the presentative protein sequence of bacteria. The neighbour-joining tree was constructed based on 
sequences of control taken from the NCBI database and by using clustal omega software. 
 
2.5. Microbial Lipids  
Bacteria, yeasts, fungi and the microalgae have been widely used over previous decades as sources of both lipids 
and enzymes. They were first used in the 1960s, for the production of laundry-grade lipases, used in conjunction 
with detergents and other cleaning agents. In the 1980s, a microbial oil appeared as a food supplement (i.e. as a 
source of gamma-linolenic acid), followed by a number of further major developments. Microorganisms are now 
regarded as the source of choice for long-chain polyunsaturated fatty acids used as high-grade nutraceuticals for 
human (including infant) and animal consumption.  
Over the previous decade, microbial lipids have become available resource for the sustainable production ofbiofuels 
and value-added bio-products, to act as an alternative (and replacement) ofharmful petro-based chemicals. Several 
microorganisms (generally known as oleaginous microorganisms) have, under specific conditions, the ability to 
accumulate substantial amounts of lipids. Microorganisms containing over 25% of lipids in their cell biomass are 
generally known as an oleaginous [61]. There are a number of microorganisms containing sufficient oil content to be 
used for oil production (oil content-% dry wait), including: (1) Microalgae (Botryococcus braunii-25–75%; 
Cylindrotheca sp.-16–37%, Neochloris oleoabundans-35–54%, Schizochytrium sp.-50–77%); (2) Bacteria 
(Arthrobacter sp. > 40%, Acinetobactercalcoaceticus 27–38%, Rhodococcusopacus 24–25%); (3) Yeast 
(Cylindrotheca sp. 16–37% Chlorella sp. 28–32%, Rhodotorulaglutinis 72%); and (4) Fungi (Aspergillus oryzae-
57%, Mortierella isabellina-86%, Humicola lanuginose-75%, Mortierella vinacea-66%) [62]. Lipid production in 
microorganisms commences when the carbon source is present in large amounts and other nutrients (primarily 
nitrogen) are running out in the culture media. A high C/N ratio of the culturing medium is required to ensure 
favourable lipid accumulation. The excessive carbon stored in the cell converts it into lipids in the form of 
triacylglycerol (TAG). Wu et al. [63] demonstrated lipid production using wastewater as a raw material, establishing 
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that phosphate and sulphate limitation can also induce the accumulation of lipids in oleaginous yeast 
Rhodotorulaglutinis with the presence of excess nitrogen and other nutrients.  
A number of low cost materials (i.e. cheese whey, wheat bran and sewage sludge) are currently being explored in an 
attempt to reduce the cost of lipid production. Table 2 summarizes the waste materials employed, along with 
microorganism and lipid production.  
 

Table 2: Overview of microorganism and lipid production using raw substrates 

Microorganism Source Lipid production Referen
ce 

Morterellaisabellina Hydrolysate of cohydrolysis of switch grass, 
miscanthus, giant reed and corn stove. 

4.4 g/L [64] 

Cryptococcus curvatus Corncob 61.3% [65] 

Trichosporonfermentas Waste sweet potato wine 9.68 g/L [66] 

Mortirellaisabellianna Wheat straw 39.4% [67] 

Chlorella protothecoides Molasses 40.8 g/L, 57.6% [68] 

Lipomycesstarkeyi Sewage sludge 68%, 1 g/L [69] 

Mordellistena. isabellina Rice hull 64.3% [70] 

Chlorella protothecoides Sorghum juice 5.1 g/L,52.5% [71] 

Rhodotorulaglutinis Starch wastewater 35% [72] 

Polyculture of algae Municipal wastewater, dairy wastewater 14–29% [73] 

 

There are a number of major challenges involved in lipid extraction from microbial biomass, i.e. limited lipid 
yielding, low mass transfer, and the formation of stable emulsions. A number of methods have been investigated, 
and co-solvent methods have proved efficient for total lipid accessibility at experimental level, but require additional 
research focusing on their practical application for industrial biofuel production. Future view on commercial biofuel 
industry needs to contain solvents with the characteristics capable of evaluating lipids recovery from microbial 
biomass.  

 

FIRST GENERATION BIOFUELS 
The recent fluctuation in the price of crude oil has prompted a number of investigations into alternative and 
supporting energy sources. Biofuels can compete with the rise in oil price to at least provide fuel for transport 
vehicles. This has led to a global increase in research into biofuels. There are three types of biofuels, including 
biodiesel (the first biofuel to be used commercially), along with ethanol, biogas and more recently bio butanol. 
These products have been produced in large quantities and become an essential aspect of the production process of 
many countries in the world. Biodiesel is produced by the transesterification processing of animal fats, plants and 
other remnants oils. This has resulted in simple modifications to engines that allow them to use biodiesel. 
Nevertheless, it is possible to use a complete substitute for ethanol and gasoline in several vehicles, and which can 
also be used as a crude material to produce three-butyl ethyl ether, which is easy to blend with gasoline. Bioethanol 
is currently used for producing three-ethyl butyl ether. Biogas and bio-methane are also used in gasoline as a biofuel 
for vehicles with some modifications. They are produced by biological processing, including the (AD) technique of 
liquid manures and other harvested raw material [74]. The capability has also recently been established to produce 
bioethanol, biodiesel and biogas using agricultural crops also used for human nutrition. However, the demands of 
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agricultural crops grown for producing edible oils face several difficulties when it comes to biofuel production. 
There are a number of multipurpose oily crops (i.e. seeds) capable of being used in the industrial production of 
biofuels. In India, however, there has been a focus on the production of biodiesel from Jatropha, a perennial shrub or 
small tree that grows to a height of up to six meters, and capable of producing a type of vegetable oil mixed with 
biofuel. Jatropha oil is an environmentally safe, low cost substrate, and a promising source of energy from non-
edible plant materials. Other solid waste can similarly be used for producing of biomaterials, including 
lignocellulosic, which is capable of being used in the second generation biofuel industry. 
 
3.1. Manufacturing industry for producing first generation biofuels 
3.1.1. Transesterification 
Esterification of fatty acids and vegetable oils forms the basis for obtaining commercially viable biodiesel, which is 
one of the most important biofuels, as well as being environmentally safe. Biodiesel is an alternative energy 
obtained from many natural materials through biochemical reactions via alcohol, homogeneous and heterogeneous 
catalyst. Thus, the result of reaction is a blend of methyl esters, including a high value of biodiesel and glycerine 
[75, 76]. 
 
3.1.2. Homogeneous catalysis 
Homogenous catalysis is a preferred method of processing during the reaction of its Transesterification (base or 
acid) counterpart at a slower rate, as shown in Eq (1). This results from mixing the reactants and the replacement of 
alcohol from the ester by another alcohol using a same method as for hydrolysis, apart from the employment of 
alcohol rather than water [75].  

 

 

 

3.1.3. Heterogeneous catalysis 
The interactions of saponification result in a number of difficulties in converting the high oil content of free fatty 
acids into methyl ester. It is therefore more effective to use acidic solid catalysts, which play a strong role in 
reactions for transesterification of triglycerides and simultaneously convert free fatty acids into methyl ester using 
Lewis acid. Esterification takes place among free fatty acids (RCOOH) and methanol (CH3OH), while the 
esterification that takes place between triglyceride RCOOR and methanol is absorbed in the acidic sites (+L) from 
the surface of the catalysts. During the esterification of tetrahedral, it can be removed by a water molecule to form 
one mole of ester RCOOCH3. It can also be used as an esterification mechanism for bilateral and trilateral 
triglycerides. It is well known that the esterification is a gradual sequential reaction in which triglycerides switch to 
mono triglycerides and glycerol [76]. 
 
3.1.4. Ethanol production processes 
There are a number of types of sugars capable of being used as a raw material for producing bioethanol by industrial 
fermentation. These materials can be classified into three basic types 

- The first group consists of sugar yield, including: cane; wheat; beetroot; fruits; and palm juice. 
- The second group consists of a starchy yield (e.g. grain) derived from root plants (e.g. potato and cassava) 

and crops, including: wheat; barley; rice; sweet sorghum and corn. 
- The third group consists of cellulosic biomass, including: wood and wood waste; cedar; pine; and 

agricultural residues and fibers. 

Eq (1): 
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Both alcohols are produced by biochemical process from lignocellulosic biomass (i.e. rice straw and wheat straw 
residue), and are known as bioethanol or biomass ethanol.  
The chemical composition of starch or amylum containing a large number of glucose polymer is unable to be 
fermented directly by classical processing. It can be initially hydrolyzed to the simplest chains of glucose by adding 
15-20% of starch with water and treating the mixture by means of a high temperature, followed by treatment with 
hydrolyses enzymes. Amylase is a familiar enzyme of hydrolyzed starch molecules, which form simple chains of 
glucose through the process of liquefaction. Otherwise, the dextrin and oligosaccharide is hydrolyzed by the 
enzymes pullulanase and glucoamylase, respectively, by means of saccharification processing. The grind is then 
cooled by around 30°C and microorganisms added to ensure fermentation. Ethanol is generally produced by the 
enzymatic hydrolysis of several carbohydrates, i.e. maize and wheat. Maize ethanol industry methods can be divided 
to dry and wet mill processes. (i) Ethanol dry mills tend to have less capacity and are primarily built solely to 
manufacture ethanol, along with the production of ethanol and animal feeds. (ii) The new wet mill unit is capable of 
producing one ethanol gallon by consuming 35150 Btu of thermal energy and 2134 KWh of electricity, and can also 
produce a number of valuable products, including: pharmaceuticals; nutraceuticals; organic acids; and solvents. [77, 
78, 79] 
 
3.1.5. The fermentation industry 
The fermentation process consists of the metabolic pathway of organic materials by microorganisms through 
chemical changes due to the activity of their enzymes. Fermentation processing consists of two main methods of 
bio-processing (i.e. aerobic and anaerobic), according to the presence of oxygen. Several microorganisms found in 
nature have the capacity for fermentative changes, a number of which are able to produce ethanol by utilizing many 
types of carbohydrate polymers, i.e. yeasts, bacteria and fungi. In general, during the fermentation reaction, 
microorganisms break down the different carbohydrates molecules under aerobic and anaerobic atmospheres, 
resulting in ethanol production. Almost 40-48% of fermented glucose is converted to ethanol by a fermentation 
efficiency of 46%, i.e. 1000kg of sugar in the fermentation industry is capable of producing 583L of pure ethanol 
[78]. 
 
3.1.6. Anaerobic digestion  
The anaerobic digestion of biomass has attracted considerable attention as an alternative method for producing fuel 
and biofertilizer by means of organic cultivation. In this application, an identical processes is used as for biogas 
production, by breaking down the organic substrates and producing methane and CO2 gases at a ratio of 60–70% 
methane and 30% CO2 [80]. This ensures that the anaerobic digestion of biological waste is considered a promising 
processing method for the production of biofuel and biofertilizer. Anaerobic digestion can be used as an initial 
source of methane production from municipal solid waste. These compounds can be used alongside atmospheric 
nitrogen, carbon dioxide and traces of organic substrate known as (LFG) or land fill gas. The Environmental 
Protection Agency (EPA) has stated that every pound of biodegradable organic waste can produce between ten and 
twelve standard cubic feet of biogas. However, methane has the same low-quality experienced with natural gas, due 
to the need to remove volatile organic contaminants and CO2 in order to achieve a high-quality commercial product. 
Landfill gases require highly efficient separation technology to produce natural gases. There is considerable 
potential to use gas production sites to generate electricity by means of internal combustion engines, turbines, micro 
turbines, direct use in boilers, dryers, furnace, and home ovens. Due to the high cost of production and purification, 
there has recently been an additional focus placed on researching the use of gas present in the ground as a fuel 
generating liquid, rather than gaseous fuel achieved through anaerobic fermentation. Liquid methanol production has 
a number of advantages, as outlined below: 

- A low Sulphur content 
- A low ash content 
- It can be used on a commercial scale. 

The liquid fuel is easy to transport and store, in comparison with gaseous fuel.  
Lignocellulosic biomass is, by means of the anaerobic fermentation process, used in liquid fuels and biofertiliser 
employed for agriculture [78].  

3.2. Whole-crop biorefinery 
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The biorefinery processes of oil crops are undertaken to obtain beneficial products, with seeds being used as raw 
materials and intermediates in bio refineries. This has resulted in the use of the oilseed plant Jatropha (as previously 
discussed) as a nucleus containing the seeds of Jatropha oil at 35-40%, with potentially 1-1.5 tons of oil produced 
per hectare. In order to convert the biomass into energy, its useful parts can be separated into various components, 
which then can be treated separately. Following the biomass separation, the yield of oil is used as the main (or basic) 
material for biodiesel production, or can be treated by a number of chemical modifications to produce many 
oleochemical products. On the other hand, solid de-oil material is used in the production of primary crude materials 
for the composition of chemical structures or biological gases. Lignocellulosic feedstock obtained through refinery 
industries can serve as a beginning substrate for biorefineries in order to increase gas production [81]. 
 
3.2.1. Oleochemicals 
The term oleochemicals refers the fatty acids and glycerol derived from oils and fats of both plant and animal origin, 
and also includes derivatives from the modification of the carboxylic acid group of the fatty acids by chemical or 
biological treatment. Oleochemicals are categorized into a number of basic oleochemicals, including: (I) fatty acids; 
(II) fatty methyl esters; (III) fatty alcohols; (IV) fatty amines; and (V) glycerol. Till the1980s, approximately 95% of 
natural oils were used for the production of food, with only a small percentage used for alternative applications, e.g. 
soap manufacturing and drying oils. Following the 1980s, oleochemicals were employed for a wide range of uses in 
both food and non-food products, and have recently been used in many applications, including the following: foods; 
particularly fats; washing soaps and cleaning materials; cosmetics and care products; lubricants and greases; various 
drying oils; coatings materials; and some polymers [82]. 
 
3.2.2. De-oil residual protein 
The production of amino acids of de-cake oil has increased the value of these solid wastes, as a result of such oil 
crops being globally produced on a large scale. Jatropha oil seeds (i.e. neem and karanja) have been used to produce 
biopesticides, 1, 2-ethanediamine and 1, 4-butanediamine from amino acids, i.e. serine and arginine, respectively. 
There are additional limitations on the use of oil-cake for producing biodiesel, due to the process requiring several 
million tons of residual protein in comparison to the derivatives of fatty acids. The residual protein used also to 
produce the basic amino acids both for people consumption and for animal feeding [83]. 
 
CONCLUSION 
This research discussed the concepts surrounding microbial biofuels, including biological refineries, biofuels, and 
their related challenges. Focus has been on to the first generation of biofuels, primarily due to their direct impact on 
agricultural products and thus food prices. In addition, there is currently a resistance to biofuels from poorer 
countries. Research is now attempting to identify a number of solutions to establish a sustainable and 
environmentally safe energy source, along with the most effective means of avoiding the negative effects of biofuel 
production from food supplies, through providing fuel for agricultural residues and lignocellulosic compounds in as 
short a period as possible (i.e. second generation biofuels). However, as the current production of first generation 
biofuels includes introducing logistical changes to their use, this will ensure that a transition to the second 
generation of biofuels becomes more economically feasible.  
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