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Abstract: - Lignocellulosic Biomass is considered to be the best option for biofuels production, due to the
energy and food security concerns comparative to the use of other wastes, but this biomass has limited
digestibility due to many factors like particle size, crystallinity of cellulose, lignin content etc. Pre-treatments
enhance the digestibility by reducing the effect of these factors. Different pretreatment types exist, but now
microwave pretreatment (individual or combined with other pretreatments) is becoming common due to its better
results. This paper reviews the advantages of using lignocellulosic biomass in terms of the biofuels obtained
from it, common pretreatments applied on it, and the effects of microwave pretreatments (individual and
combined) over it.
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l. INTRODUCTION
The fossil fuels are considered to be the main source of energy today, but there are some concerns

regarding their sustainability. Their expected reserves are depleting with the rapid explorations in order to meet
the growing energy needs of the world. The pollutants and other extractives from these fuels are also harmful for
the environment. Both these considerations demand an energy source, which will be available in abundant
quantity and sustainability, and that must also be environmental friendly. For this reason various alternate
energy sources are being investigated, which may replace the fossil fuels economically. The World nations are
focusing to alternate energy sources in order to minimize the hazardous effects produced by the conventional
sources like green house gas emissions, and economically replace the fossil fuels. Various other energy
resources are being investigated. These also include the resource generation from solid waste or residue. The
solid waste utilized may be municipal solid waste or the agriculture solid waste, or forestry waste also called
biomass. These wastes are successfully utilized for the production of biofuels, which include biogas and bio
liquids [1],[28],[32],[36].

It is estimated that only agriculture in the world leads to production of over 140 billion metric tons. If
properly managed, it can produce huge amounts of energy, approximately equivalent to 50 billion tons of oil.
The energy produced from the biomass is not only environment friendly and carbon neutral but it also reduces
our dependencies on fossil fuels. Thereby contributes efficiently to energy security and clean climate change
mitigations [101].

Biogas production from various types of solid waste and residues like municipal solid waste and
agricultural solid waste by anaerobic digestion method has been experimentally investigated and is considered
to be one of the best future options available, as it is economically much feasible due to its smaller requirements
and using waste or residues as feedstock [11],[27].

This waste has been successfully treated by digesting to form biogas, but this agricultural biomass on
one hand contains cellulose and hemicellulose, which are easily digestible and get converted into simple
monomers and sugars by digestion, which later converts into biogas. On the other hand it also contains
lignocellulose, and the hemicellulose, and cellulose are densely packed by the layers of lignin, which poses as a
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Fig.-1: Pre-Treatment Process of Lignocellulosic Biomass [11]

protective wall of cellulose in plant materials and restricts digestion. So for successful and rapid biodegradation
or anaerobic digestion it is necessary to treat lignocellulose, which is called pretreatment. Pretreatment involves
the treatment of the lignocellulosic biomass wastes prepared for digestion, which results in delignification,
increasing the surface area, porosity, and decreasing the crystallinity of cellulose, hemicellulose and the degree
of polymerization. Figure-1 presents a schematic view of pretreatment process [11]. Three pretreatment
processes are common:

1. Mechanical or Physical: This treatment involves milling, grinding, irradiation, thermal, hydrothermal,
and other physical techniques.

2. Chemical and Physico Chemical: This treatment involves mixing the feedstock with any chemical, or
soaking in any chemical solution, like acid, alkali, oxidizing agents, gas treatment, steam explosion,
and solvent extraction techniques.

3. Biological Treatments: This treatment involves introducing fungi or/and actinomycetes to the
feedstock, which treat the biomass waste biologically [11],[38].

All the treatments are effective to treat lignocellulose, but the percentage or success in treatment varies
widely depending upon the method selected. The previous studies have shown that chemical or physico
chemical treatment gives the best results in treating the lignocellulose feedstock in comparison to other
treatments [38].

Chemical pretreatment involves several treatment techniques, but the most widely studied, and useful
regarding lignocellulosic disruption are acid pretreatments, and alkaline pretreatments. The concentrations of the
acidic or the alkaline solution vary but in most cases dilute acidic pretreatment and alkaline pretreatments are
performed so that it must only be sufficient to disrupt the lignin content. As the higher concentration may cause
loss of cellulose and hemicellulose available, which are to be degraded into biofuels [97],[105].

During the acidic and alkaline pretreatment, temperature of the system plays an important role, since
the pH of the system, or the ion activity of acidic and alkaline solutions are affected by temperature. Studies
have shown that increasing temperature increases sugar yields and can be useful in decreasing the residence
time and acid concentration [2].

The temperature of the system can be increased by conventional techniques, but studies suggest the use
of microwave heating rather than conventional heating due to some advantages as compared to conventional
heating, like heating by radiation, which causes rapid heating, and enhances chemical activity, selective heating,
high temperature capabilities and others [42],[46].

Microwave assisted chemical pretreatments have been performed and have produced successful results
to disrupt the recalcitrant structures in lignocellulosic biomass. Microwave treatment has been applied on alkali
based pretreatments and acid based pretreatments, and the results were successful in both the cases. It has been
assumed that this success of microwave radiation is due to the availability of dielectrics in the biomass, like
water, cellulose, hemicellulose, and organic acids [16],[51],[89],[114].

The Objective of this paper is to provide a detailed comparative summary of different microwave
pretreatment methods by analyzing them from different aspects.
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. LIGNOCELLULOSIC MATERIAL
Most of the agricultural and forestry residue is composed of lignocellulosic material, this

lignocellulosic material has cellulose, hemicellulose and lignin in major quantity and some amounts of pectin,
protein and extractives such as sugar, nitrogenous material, chlorophyll, waxes and inorganic material
[33],[47],[94],[106]. The lignocellulose substance is considered as essential part of cell walls in the plant
biomass, available in solid waste of municipal, forest, crop residues [71],[92].

The composition lignocellulosic biomass varies in terms of species chosen, but the main constituents
and their proportions are almost constant like from 50 to 60% carbohydrates in the form of cellulose and
hemicellulose, and around 20 to 35% lignin [66]. The cellulose in the plants is found in two portions, one is the
crystalline or organized structure, while the other is not well organized i.e. in amorphous structure. Cellulose
contains subunits of D-glucose, embedded through g-1, 4 glycosidic bonds [33]. Hemicellulose carbohydrate
consists of polymers i.e. pentoses, hexoses, and sugar acids. Hemicellulose of hardwood like agricultural plants,
straw and grass, contains xylan as major component, while softwood hemicellulose contains glucomannan [33],
[85]. Lignin is a most abundant polymer in nature and is present in the plant cellular walls. Basically a
heteropolymer comprising of three phenyl propane units (coniferyl, p-coumaryl, and sinapyl alcohol) grouped
together via different linkages. The functions of lignin include structural support of plant, resistance against
microbial attack, its impermeability and oxidative stress. This is an amorphous heteropolymer, and is non-water
soluble (though starts dissolving in water at high temperatures like 180°C) and optically inactive, due to which,
its degradation is very tough [33],[63],[64],[65].

1. BIOFUELS PRODUCTION BY LIGNOCELLULOSIC MATERIAL
Any energy producing fuel obtained from biomass is termed as biofuels, regardless of its type, weather

solid, liquid or gas. Biomass conversion to liquid and gaseous fuels is being preferred nowadays due to some
advantages like abundant and easily accessible, non-polluting and environment friendly, sustainable and
reliable. Studies have shown that high energy conversion efficiencies could be achieved by using integrated
biomass gasification technology, and that could be used for future electricity generation from biomass [22].
Main reasons behind the popularity of biofuels are energy security, environmental concerns, and economics
[21].

Depending upon the production technique, biofuels produced from biomass are classified into four
groups: (1) First Generation Biofuels (FGBs), (2) Second Generation Biofuels (SGBs), (3) Third Generation
Biofuels (TGBs), and (4) Fourth Generation Biofuels. Table-1 presents the classification of Biofuels based on
their Production Technologies [32]. In this classification, except third generation biofuels (which are produced
from algae or oilgae), all other biofuel types are produced from lignocellulosic biomass. Biofuels produced from
organic substances or biomasses by means of contemporary technology are considered as first generation
biofuels. These are produced from grains and are converted into starch, and its fermentation producing
bioethanol, ultimately pressing them to produce oils and biodiesels. Biofuels of next generation are produced
from non-food biomass waste like rice straw, wood and other energy crops. Third generation biofuels are
produced from algae, as discussed. While the fourth generation biofuels uses most advanced technology to
produce biogasolene from vegetable oil and biodiesel [26].

Table-1: Classification of Biofuels based on their Production Technologies [32]

Biofuel
Generations Feedstock Example
First Generation Sugar, Starch, Vegetable Qils, or Animal Fats Bioalcohols, Vegetable Oil, Biodiesel, Biosyngas, Biogas
. Non-Food Crops, Wheat Straw, Corn, Wood, Bioalcohols, Bio-Oil, Bio-DMF, Biohydrogen, BioFischer-
Second Generation Solid Waste, Energy Crop Tropsch Diesel, Wood Diesel
Third Generation Algae Vegetable Oil, Biodiesel
Fourth Generation Vegetable Oil, Biodiesel Biogasolene

Depending upon the type these fuels can be categorized into two main categories like (1) bio-renewable
liquid fuels and (2) bio-renewable gaseous fuels.
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3.1 Liquid Fuels as Bio-Renewables

Biofuels of liquid nature derived from lignocellulosic biomass are mostly used for transportation, and
these fuels are now being focused worldwide due to their availability, sustainability, regional development, rural
manufacturing jobs, reduction of greenhouse gas emissions, and its biodegradability [24]. These fuels are further
subdivided into these three types: (1) Biodiesels, (2) Bioalcohols, and (3) Biosynthetic Oils.

3.1.1 Biodiesels or Vegetable Oils

Biodiesels are the liquid fuels produced from animal fats and vegetable oils, but the production of
biodiesel from vegetable oils and cooking oils will cause shortage in edible oils, and are insufficient compared
to the demand. Biodiesel has also been studied to be produced from the microbial oils produced from
lignocellulosic material and it seems the most suitable economic option for it [18],[43], though research is
currently ongoing to improve the pretreatment, saccharification and fermentation of lignocellulosic biomass
economically to obtain maximum yield of microbial oil, and as a result maximum biodiesel [106].

3.1.2  Bioalcohols

Bioalcohols are the biomethanol and bioethanol production from lignocellulosic biomass which is used
for the internal combustion engines as a replacement for gasoline. Biomethanol is produced by gasification of
biomass [4]. Bioethanol production is preferred from lignocellulosic material for being low cost material but
with ease of its availability [34]. Lignocellulosic biomass contains major percentage of carbohydrate polymers
like cellulose and hemicellulose, which are converted into simple sugars by hydrolysis before fermentation, this
lignocellulosic hydrolysates contains different amounts of xylose, arabinose, glucose, galactose, mannose,
fructose, and rhamnose, which are then fermented into bioethanol by using different microorganisms [96],[106].
Bioethanol is preferred to be used as transportation fuel due to some advantages over biomethanol e.g. use of it
alongwith gasoline to make it gasohol does not harm ordinary petrol engines. It is an oxygenated fuel containing
35% oxygen, and as a result reduces emissions of NO, and other particulate matter during combustion.
Bioethanol contains high octane number (108) therefore high heats of vaporization, increased flame results in
better speeds than gasoline. It means internal combustion engines sustain theoretical efficiencies with above
properties of short burn time and high compression ratios against ordinary gasoline as fuel [5],[6].

3.1.3  Biosynthetic Oils

Biosynthetic oil as renewable biomass fuel is usually obtained using pyrolysis technique on biomass
against low heat of 16MJ/kg [10]. Pyrolysis is now considered to be a sound technique to obtain different
chemicals and fuels from biomass. In this process, the organic matrix of biomass is thermally decomposed in the
absence of oxygen, which results in producing an array of solid, liquid and gaseous products, the obtained
products or fuels maybe used in engines and turbines for power generation purposes [7],[104]. Bio oils are
produced from techniques of pyrolysis depending upon the operating conditions used, ranging from very slow to
fast and flash [25]. Fast pyrolysis is preferred due to higher liquid fuel production [79].

3.2 Bio-Renewable Gaseous Fuels
The gaseous fuels obtained from lignocellulosic biomass are the biogas by anaerobic digestion and bio-
hydrogen by anaerobic fermentation.

3.2.1 Biogas

Biogas is considered to be most suitable renewable fuel to replace the conventional fossil fuels, in
terms of availability, sustainability, reliability, and environmental concerns [88]. Biogas contains a mixture of
methane and carbon dioxide with small amount of sulfuric compounds like hydrogen sulfide. A typical
composition of biogas includes 55 to 70 % methane, 30 to 45 % carbon dioxide, 0 to 2% nitrogen, and about
0 to 500 ppm hydrogen sulfide [67]. Methane is the most important product obtained from biogas, to be used as
fuel for cooking and transportation purposes. The energy contained in biogas methane is about 4800-6700
kcal/m® as compared to pure methane, which contains 8900 kcal/m® energy [83]. Biogas production becomes
maximum when anaerobic digestion method is applied. In this method the organic biomass waste is degraded or
biologically transformed by diverse microorganisms, and convert the biomass waste into biogas [53],[54]. The
biofuels resulted from the anaerobic digestion can then be utilized as a replacement for fossil fuels, and as these
products are carbon neutral so they reduce carbon dioxide emissions to the environment, this process involves
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four main stages, these are (1) Hydrolysis, (2) Acidogenesis, (3) Acetogenesis, and (4) Methanogenesis [109].
Figure-2 shows the complete process of anaerobic digestion [109].

3.2.2  Biohydrogen

Hydrogen production has been under investigation and experimentation since early 1980s and still
different techniques are being used and modified to increase its efficiency [68],[69],[115]. One technique is to
produce biohydrogen by using anaerobic digestion of different wastes like biomass, MSW, or wastewater
sludge, but this process reduces hydrogen production efficiencies after continual use [108]. Biohydrogen as
byproduct is released through raw materials which are non-toxic and rich in carbohydrates, processed by
photosynthetic natured microorganisms and anaerobics. The process generates organic acids for further methane
production [48]. Biohydrogen is also produced by bacterial fermentation of sugars using bacteria such as
Clostridia, pH control, temperature, hydraulic retention time (HRT) [8], [23].

V. PRE-TREATMENT AND ITS TYPES
As stated earlier lignocellulosic biomass mainly contains polymers of cellulose, hemicellulose, and

lignin. The degradation of lignocellulosic biomass into biofuels is limited by a number of factors. The main of
which are cellulose crystallinity, moisture content, polymerization rate, lignin content and surface area [13],
[52], [55], [78].

In order to overcome these difficulties, and to get the production of biofuels with lesser retention time,
pretreatments are applied at the lignocellulosic biomass wastes, many successful pretreatment techniques have
been studied, and applied in various methods, these techniques can be broadly classified in three main
categories, as Physical or Mechanical, Chemical & Physico Chemical, and Biological techniques [27],[11].

4.1 Physical or Mechanical Pretreatment

The objectives of physical or mechanical pretreatment are to reduce the particle size and crystallinity,
increasing the surface area, reducing the degree of polymerization, and shearing the biomass. Achieving these
factors increases total hydrolysis yield of lignocellulose, and reduce the digestion time. This treatment method
cannot remove lignin, and requires high energy [11],[20],[27],[37]. This treatment is performed by applying one
or more of these techniques:
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1. Milling/Grinding (by applying hammer milling, ball milling, two roll milling, colloid milling or vibro
milling)

2. Irradiation (by applying Gamma ray, Electron beam, Microwave)

3. Thermal (by the action of temperature, conventional, microwave, hydrothermal)

4.2 Chemical & Physico Chemical Pretreatment
This treatment is performed by introducing one or more chemicals to chemically treat the
lignocellulosic biomass. Some of the main techniques used in this treatment are as follows.

4.2.1  Acidic Pretreatment

This treatment is performed by adding concentrated or dilute acid in the lignocellulosic biomass for
increased anaerobic process of digestion. Objective of this technique is solubilization of hemicellulose resulting
in better accessibility to cellulose. This treatment causes the hydrolysis of hemicellulose, which is then subjected
to produce HMF, furfural, monomers, and others in acid medium [33],[81]. This method results in increasing the
accessible area of cellulose and hemicellulose, partial or nearly complete delignification, decreasing cellulose
crystallinity, decreasing rate of polymerization, and partial or complete hemicellulose hydrolysis [27],[11].

4.2.2  Alkaline Pretreatment

This treatment is performed by mixing the lignocellulosic biomass with a strong or dilute base, or
alkali. This treatment causes saponification and solvation process to elevate the biomass in swollen state, thus
making availability of bacteria and enzyme [33]. This method results in increasing delignification process,
decreasing cellulose crystallinity, decreasing rate of polymerization, and partial or complete hydrolysis of
hemicellulose [27],[11].

4.2.3  Oxidizing Agents

This treatment involves addition of an oxidizing compound like hydrogen peroxide, per-acetic, and
acid to the lignocellulosic biomass. The objectives of this treatment are the removal of hemicellulose and lignin,
with enhancing the availability of cellulose. This method performs treatment of lignocellulosic biomass by
various reactions like, electrophilic substitution, displacements of side chains, cleavage of alkyl, aryl ether
linkages, or the oxidative cleavage of aromatic nuclei [11],[27],[39].

4.2.4  Other Chemical Pretreatments

There are different other chemical pretreatments available such as: (1) Treatment of lignin via solvent
extraction process with use of ratios of ethylene-glycol, benzene-water, ethanol-water, butanol-water, and
swelling agents, (2) Gas treatment by Chlorine dioxide, Nitrogen dioxide, or Sulphur dioxide, (3) Explosion
treatments like seam explosion, ammonia fiber explosion, carbon dioxide explosion, sulfur dioxide explosion
[27], [66].

4.3 Biological Treatments

This treatment is performed by introducing and mixing of lignocellulosic biomass with one or more of
microorganism species like fungi, actinomycetes and others. This method results in delignification, reduction in
the rate of cellulose polymerization and hemicellulose hydrolysis partly. The advantages of this process are
(1) chemical requirement is zero with lesser energy desires and (2) mild eco system conditions. Disadvantage
are very low in above pretreatment processes [27],[56],[84].

V. MICROWAVE PRETREATMENT
The effectiveness of any pretreatment of lignocellulosic biomass depends upon three main parameters.

These are (1) Chemical or reagent concentration, (2) Retention or residence time, and (3) Temperature. By
fluctuating any of these parameters, we can change the hydrolysis rate of lignocellulosic biomass. Studies have
shown that the pretreatments performed at high temperature have given successful results, in increasing the
hydrolysis rate and product yields, while decreasing the residence time and reagent or chemical concentration
required [2],[59],[86],[87]. This temperature increment may be performed by conventional heating or by using
microwave radiation, which has some advantages over the conventional heating like, superficial heat transfer, no
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direct contact of heating source and material, providing a volumetric and rapid heat and selective heating of
more polar part and creating a hot spot with inhomogeneous materials [2],[16],[19],[41],[46].,[70],[103].
Figure-3 shows a comparative analysis between conventional heating and microwave heating [100].

Microwaves are the electromagnetic waves between the frequency range of 300 MHz to 300 GHz, and
mostly the microwave systems available for industrial and domestic purposes use 900 MHz to 2.45 GHz [91].
Figure-4 shows different types of electromagnetic radiations [113]. Microwaves affect the material thermally
and non-thermally. Thermally microwaves heat the material by interacting the molecules of material with
electromagnetic field produced by microwave energy. Non thermally microwaves affect and interact the polar
molecules and ions in the materials, causing physical, chemical, and biological reactions [40],[95],[98],[107].

VI. EFFECTS OF MICROWAVE PRETREATMENT

Microwave Irradiation effects on biomass and its modification have been studied since 1960’s and the
modification of barley seeds by microwave treatment was evidenced and reported in 1969 [72]. But it was not
until 1980°s when the application of microwave irradiation on lignocellulosic biomass for enhanced cellulose
saccharification was studied and proven useful in the processing of biofuels [3],[73]. From then the microwave
irradiation technique has been used for efficient processing of biofuels and it has since been studied for
processing various waste types from sludge and municipal solid waste to biomass solid waste [100].
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Fig.-4: Types of Electromagnetic Radiations [113]
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Table-2: An example of composition change before and after microwave pretreatment [61]

Component Before After
Pretreatment Pretreatment

Cellulose 37 42.3
Hemicellulose 19.6 23.6
Klason lignin 18 15.4
Acetyl groups 34 2.3
Proteins 15 14
Extract content 10.6 6.5
Ash 5.7 4.8
Others 4.2 3.7

It has been investigated that the microwave pretreatment technique is very effective in reducing the
lignin ratio in biomass, and resulting in an increase in the proportion of cellulose and hemicellulose. An example
of composition of biomass (rape-seed) before and after microwave pretreatment is shown in Table-2 [61].
Microwave pretreatment is found to affect the process of anaerobic digestion and biogas production by various
parameters [82]. Table-3 shows the main affected parameters reported in the literature [100]. However, the
biogas product result of microwave pretreatment of dairy waste activated sludge is shown in Figure-5 [82].

Table-3: Effect of Microwave (MW) Pretreatment on Anaerobic Digestion [100]

Treatment

Conditions Anaerobic Digestion Findings Reference
25.9% VS reduction, 23.6% TCOD removal 64%
and 79% improvement in TCOD removal and in
91.2°C,7min | 351C, SRT 15 days methane production. Anaerobic digestion of MW [75]
pretreated sludge reduced the reactor SRT from 15
days to 8 days
o 30% Higher biogas production over control reactor
0,
96°C, 3% TS Batch, 3371 1C 5 day SRT and 26% higher V'S removal [29]
p o - - -
85°C Batch 35 1C, 25 days SRT 12% and 16% |mprovement in VS destruction and in [49]
methane production, respectively
175°C, 3% TS Mesophilic batch, 3571 1C | 31% Higher biogas production than the control [30],[31]
— - - —
170°C, 30 min | Batch, 35 1C, 30 d SRT 25.9% Higher biogas production, 12% higher VS [80]

removal over control

Microwave pretreatment is very effective in subsequent hydrolysis of biomass, the power and
irradiation time has been experimentally investigated and it was analyzed that the rise of irradiation time and
power increase the sugar yield [62],[74]. Figure-6 shows the effects of microwave power and irradiation time on
the enzymatic hydrolysis yield of sugar [74].

Fig.-5: Biogas production from dairy waste activated sludge by microwave pretreatment [82]
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Passos et. al. investigated the effect of microwave pretreatment on biogas production from wastewater,
on various operating power, time and temperature. They found that microwave pretreatment enhanced
microalgae solubilization, increased anaerobic digestion rate and improved the methane production potential
[76].

Ying Jin et. al. studied the anaerobic digestibility and phosphorus recovery by comparing the
conventional heating and microwave heating. They found that microwave heating resulted in more
solubilization of lignocellulose than conventional heating, and the anaerobic digestibility and phosphorus
recovery were enhanced by using microwave heating [45].

VIl. COMBINATION PRETREATMENTS OF MICROWAVE AND THEIR EFFECTS

Microwave pretreatments are now being used to enhance other pretreatments by using the combination
of microwave with other pretreatments. Microwave assisted chemical pretreatments are by far the most common
and successful technique in this regard. In this technique the chemical pretreatment technique is enhanced by the
assistance of microwave so it is termed as microwave assisted chemical pretreatments. Figure-7 depicts the
difference between the result of conventional heating and microwave heating in alkaline environment [17].
Microwave assisted dilute acid pretreatment was studied and it resulted in enhanced recovery of sugar yield by
increasing the hydrolysis of hemicellulose from 80% to 98% [15]. Microwave assisted alkali technique has also
been studied in increasing the saccharification of rice straw and hull [93].

Binod et. al. studied microwave assisted alkali, microwave assisted acidic and microwave assisted
{alkaline + acid}, and found that the maximum sugar yield of upto 0.83 g/g biomass was achieved via
microwave assisted {alkaline + acid}, followed by microwave alkali resulting in 0.65 g/g biomass. However
microwave assisted acid pretreatment produced 0.249 g/g biomass [9].

60 Conventional heating
Microwave heating

S0 4
40_

30 4

Reducing sugar (g/100g TVS)

20 40 60 80 100 140
Temperature (*C)

Fig.-7: Difference between Conventional and Microwave Heating in Alkaline Solution [17]
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Chang et. al. investigated the effects of microwave assisted alkali pretreatment for aerobic digestion of
sludge, by comparing the individual microwave and alkali pretreated sludge results with microwave assisted
alkaline pretreatment and found that microwave assisted alkaline pretreatment resulted in enhanced COD
solubilization upto 46% compared to the additive sum (26.5%) of individual alkaline (18%), and Microwave
(8.5%) [12].

Chen et. al. studied ethanol production from sorghum by microwave assisted dilute ammonia
pretreatment, and found that the pretreatment was successful in 48% removal of lignin with lower ammonia
concentration and short reaction time, with producing suitable sugar yield [14]. Figure-8 presents influence of
microwave power on lignin ration [17].

Chen et. al. reported that microwave temperature played a critical role in removing hemicellulose from
sugarcane bagasse, while performing microwave assisted dilute acid pretreatment. They found that changing the
irradiation time produced negligible results at constant concentration of sulphuric acid. Almost all the
hemicellulose was removed by the temperature 190°C [16]. Table-4 shows some other microwave assisted
pretreatments with the operating conditions and their effects.

Table-4: Various Microwave (MW) assisted Pretreatments and Operating Conditions

Pretreatment Type Operating Conditions Findings
MW assisted Acidic 0to 0.02 M, 180°C for 30 Min 0.02 best concentration, 80 to 98% hemicellulose hydrolyzed [15]
MW assisted Acidic 1:15 solid to liquid, MW various time Optimum fermentative hydrogen production [50]
MW assisted Acidic 0-0.4 N acid, MW 700 W, 5-90 min Enhanced hydrogen production [58]
MW assisted Alkali 0 to 5% concentration, 140°C MW MW enhanced enzymatic hydrolysis and hydrogen yield [17]
MW assisted Alkali 0.05-0.3 g/g biomass, 70-190°C MW MW assisted in enzymatic digestibility, and sugar yield [41]
MW assisted Alkali 2-5% Alkali, 60-140°C MW Very effective in extracting 80% or more hemicellulose [44]
MW assisted Alkali 1% alkali, MW 300 to 700 W, 15 min to 2 Hrs |Enhanced enzymatic hydrolysis rate [111]
MW assisted Alkali 1% Alkali, MW 700 W for 25 min Optimum ethanol production (64.8%) obtained [112]
MW assisted Alkaline 1% Alkali, MW 120-200°C, 5 min Enhanced glucose yield by enzymatic hydrolysis [99]
MW assisted Ball Milling  ]Ball Milling for 1-6 Hrs, MW 800W, 20 min Optimum conditions for glucose yield [77]
MW assisted Chemical 33-1179g biomass in 62.5% chemical Optimum glucose yield by enzymatic hydrolysis [57]
MW assisted Chemical 50 ml chemical, MW 800 W, 5 min Optimum conditions for reducing sugar production [60]
MW assisted Chemical 30 % Chemical, variable MW setting Optimum conditions for biogas and free liquid fraction [90]
MW assisted Chemical Various Chemicals, MW 80 to 140°C, 30 min |High sugar yield (59.5C%) obtained at 140°C at 30 min [102]
MW assisted Chemical Various Chemicals and settings compared Most optimum conditions for enzymatic hydrolysis [110]
MW assisted Organic Acid |1 to 18% concentration, 100 to 700 W Enhanced sugar yield upto 80.08% [35]
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VIIl. CONCLUSION
Lignocellulosic Biomass has been used to produce much valuable biofuels, and still being researched to

enhance the production of biofuels from it. Pretreatments have played main role in getting optimum production
of biofuels. Microwave pretreatments are proving to be successful in treating this lignocellulosic biomass and
improving the yield of sugars and biogas from lignocellulosic biomass, this paper has discussed the effects of
microwave individual and microwave combined pretreatment on lignocellulosic biomass in terms of biofuels
production.
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