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ABSTRACT 

A vast array of materials are suitable for the production of biofuels. It must be emphasized that it is not 

always possible to transfer the results of pretreatment from one type of material to another. Further, one 

technology that is efficient for a particular type of biomass material might not work for another material. The 

choice of the pretreatment technology used for particular biomass depends on its composition and the 

byproducts produced as a result of pretreatment. These factors significantly affect the costs associated with a 

pretreatment method. There have been some reports comparing various pretreatment methods for biomass i.e., 

acid pretreated method, alkali pretreated method, and ammonia fiber explosion method. But we have used the 

Ammonia fiber explosion method for the pretreatment of municipal biodegradable waste solid biomass and have 

used the Acid method for the pretreatment of Agricultural waste biomass. The results of this study indicate that 

simple microwave technology can be used to convert waste biomass to sugars without the use of expensive 

enzymes. Fermentation of sugars using Saccharomyces cerevisiae resulted in high ethanol yield. 
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Introduction     

Management of solid waste is associated with the control of generation, storage, collection, transfer and 

transport, processing, and disposal of solid wastes in a manner that is in accord with the best principles of public 

health, and other environmental considerations.
[1-4]

 An agricultural establishment produces many types of wastes 

in its daily operations.
[5,6]

 It is important that these wastes are identified and managed properly
.[7]

  The term 

municipal solid waste (MSW) is normally assumed to include all of the waste generated in a community.
[8-10] 

The term refers to all wastes collected and controlled by the municipality and comprises of the most diverse 

categories of wastes.
 [11,12] 

  Conversion of abundant lignocellulosic biomass to biofuels as transportation fuels 

presents a suitable option for improving energy security and reducing greenhouse emissions.
 [13] 

 It has been 

reported that cellulosic ethanol and ethanol produced from other biomass resources have the potential to cut 
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greenhouse gas emissions.
 [14-17] 

 For the conversion of biomass to fuel, the cellulose and hemicellulose must be 

broken down into their corresponding monomers (sugars),
 [18] 

 so that microorganisms can utilize them.
 [19,20] 

 

The digestibility of cellulose present in lignocellulosic biomass is hindered by many physicochemical, 

structural, and compositional factors.
 [21,22] 

 In the conversion of lignocellulosic biomass to fuel, the biomass 

needs to be treated so that the cellulose in the plant fibers is exposed.
 [23,24] 

 Pretreatment uses various techniques, 

including ammonia fiber explosion, chemical treatment, biological treatment, and steam explosion, to alter the 

structure of cellulosic biomass to make cellulose more accessible.
[25,26] 

 Then, acids or enzymes can be used to 

break down the cellulose into its constituent sugars.
 [27] 

 Enzyme hydrolysis is widely used to break down 

cellulose into its constituent sugar. 
[28]

   

Peitao Zhao et.al., have produced clean solid biofuel from high moisture content waste biomass (bio-waste) with 

high nitrogen (N)/chlorine (Cl) content by mild hydrothermal(HT) conversion processes.
 [29] 

  Sanette Marx 

et.al.,  have found out Sweet sorghum is a hardy crop that can be grown on marginal land and can provide both 

food and energy in an integrated food and energy system.
 [30] 

  Gia-Luen Guo et.al., have validated a 

bioconversion technology for the production of 2,3-butanediol (2,3-BD) using sugars, glycerol, and 

lignocellulosic material.
 [31] 

 Kenji Sonomoto et.al., reported in their work that Butanol has recently attracted 

attention as an alternative biofuel because of its various advantages over other biofuels.
 [32] 

  Jiby Kudakasseril 

Kurian et.al.,  have stated in their work that more than century-long research and development on utilization of 

lignocellulosic biomass for biofuels.
 [33] 

  Pieter Stroeve et.al.,   have found out in their research that biofuels 

produced from various lignocellulosic materials, such as wood, agricultural, or forest residues, have the 

potential to be a valuable substitute for, or complement to, gasoline.
 [34] 

  Ewa Kopania et.al., have presented the 

results of cellulose fiber extraction from plant biomass including rape, hemp, and flax straws.
 [35] 

  T. V. 

Ramachandra et.al.,  have worked on the management of municipal solid waste. 
[36]

 Antizar-Ladislao et .al., 

have selected biodegradable municipal solid waste fractions which were subjected to fifteen different 

prehydrolysis treatments to obtain the highest glucose yield for bio-ethanol production.
 [37]

  

  

Experimental                                                         

 Solid wastes produced from the Sivakasi area were collected periodically in separate categories as municipal 

solid waste and agricultural wastes. The obtained municipal solid was separated from non - biodegradable 

wastes like metals, glass, and plastics. The remaining waste contains biodegradable wastes such as Fruits, 

Clothes, Papers, Kitchen Wastes, and Garden Wastes. The collected biodegradable municipal solid wastes were 

then crushed to remove water further the sample was dried in sunlight, finally, it was ground as a powder (1/2 to 

1 kg). Agricultural waste from the fields around Sivakasi was collected. The agricultural wastes like straw, 

sawdust, maize are collected and crushed to remove the water from it. Then crushed wastes are dried in presence 

of sunlight and finely ground into powder. The dried plant material, referred to in this study as agricultural 

waste, was packed in air-tight bags and then stored at room temperature until used in the experiments.   Best 

grades of commercially available chemicals such as Peptone Ammonium Sulphate [(NH4)SO4 ] Potassium 
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Monohydrogen Phosphate [K2HPO4] Magnesium Sulphate [MgSO4.7H2O and Sulphuric acid are used in this 

work. 

Ammonia fiber explosion method 

  About 5g of feedstock was weighed and mixed with 6ml of Ammonium hydroxide (NH4OH). The 

mixture was kept in an oven at 60°C for 12 hours. The part of the pretreated sample by ammonia fiber explosion 

was dried in the oven at 60°C   to 70°C for 24 hours. The rest of the pretreated sample by this method was 

treated in a microwave oven at 180 watts for 15 minutes in the time interval of 30 seconds. After the microwave 

treatment, the sample was decanted the liquid sample in a test tube. The liquid part of the sample was stored for 

fermentation study in a refrigerator to prevent from decomposing. The microwave irradiated filtered solid 

sample was dried in the oven at 60°C   to 70°C for 24 hours for further study. 
[35-37]

 

Acid Method 

           About 10g of feedstock is mixed with 2ml of Conc.H2SO4 and 100ml of water and boiled well for 1 hour. 

The part of the pretreated sample by Acid Method was dried in the oven at 60°C   to 70°C for 24 hours. The rest 

of the pretreated sample by Acid Method was treated in a microwave oven at 180 watts for 15 minutes in the 

time interval of 30 seconds. After the microwave treatment, the sample was decanted the liquid sample in a test 

tube. The liquid part of the sample was stored for fermentation study in a refrigerator to prevent from 

decomposing. The microwave irradiated filtered solid sample was dried in the oven at 60°C   to 70°C for 24 

hours. 
[31-33]

 

 Fermentation study  

            Commercial Saccharomyces cerevisiae was used for fermentation of    6 -carbon sugars. The dried yeast 

cells were revived from the inactive state by using a broth containing nutrients. Prior to fermentation, the broth 

was incubated at 32°C, for 24 hours, to reduce lag time. 0.5g of peptone, 1g of (NH4) SO4, 0.1g of  K2HPO4 and 

0.5g of MgSO4.7H2O are weighed and mixed thoroughly. The above mixture is made up to 1000 ml and the 

prepared medium is shaken well in a shaker for one hour.
 [31,32]

 

Analysis of the samples 

IR Spectra of the lignocellulosic pretreated  Municipal solid waste samples by Ammonia fiber 

explosion method before microwave irradiation and after microwave irradiation were obtained as KBR discs in 

the range 400- 4000 cm
-1

 on a Perkin – Elmer 783 Spectrophotometer. Electronic absorption spectra of the 

lignocellulosic pretreated  Municipal solid waste samples by Ammonia fiber explosion method before 

microwave irradiation and after microwave irradiation were obtained in the range  250 – 800 nm in  50 % 

Sulphuric acid were recorded on a Shimadzu UV- 1601 Spectrophotometer. The hydrolysate was filtered and 

the solid fraction of the lignocellulosic pretreated Municipal solid waste samples by Ammonia fiber explosion 

method before microwave irradiation and after microwave irradiation were analyzed using Scanning Electronic 

Microscopy (SEM). Fermentation of liquid hydrolysate was done in Duran bottles in an incubator at 32
o
 C and 

the pH of 4.8 for 24 h. Saccharomyces cerevisiae was added to the hydrolysate to convert both 5 and 6- Carbon 

sugar in the hydrolysate. HPLC of the fermented liquid sample was recorded in 50% methanol. The same 

procedure was repeated for agricultural biomass also.  
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Results and Discussion 

 Release of monosaccharides 

 In this study, no enzymatic hydrolysis step was used, but the sugars reported are the result of the 

ammonium hydroxide microwave-assisted pretreatment and acid pretreatment. Celluloses and hemicelluloses 

are tightly bonded to lignin in the plant wall by covalent and hydrogen bonding. 
[11,12]

The interchain hydrogen 

bonds thus need to be broken to reduce crystallinity, resulting in cellobiose units that need to be further broken 

down to glucose.
 [4-8]

 Hemicellulose is difficult to breakdown into its monomeric sugars due to the branched 

nature of the polymer chains.
 [9]

 

Pretreated municipal and agricultural solid biomass was irradiated with microwave in a domestic 

microwave oven. The influence of pretreatment methods and power input was analyzed and recorded. The 

experimental error associated with this set of experiments was determined to be 95% confidence level. The 

number of hexose sugars liberated from the municipal solid waste at different power inputs and constant 

ammonium hydroxide concentration was recorded. 

 A low concentration of ammonium hydroxide did not significantly increase the total sugar yield. Treatment 

time is and the microwave irradiation cannot be continued indefinitely without the loss of liquid at atmospheric 

pressure. The power input for the ammonium hydroxide mixtures was then limited to ensure a constant 

temperature throughout each experiment. The use of domestic microwave oven at atmospheric pressure is thus 

limited the treatment time to 15 minutes and thus 50% concentration of ammonium hydroxide is sufficient to 

liberate a meaningful amount of sugar from the biodegradable waste. 
[14,15]

 

 In the case of this study, the microwave radiation passed through the ammonium hydroxide solution is 

absorbed by the molecules of the biomass causing increased vibration of the bonding between molecules.
 [37]

 

Large quantities of glucose were observed for microwave irradiation leading to the conclusion that the dielectric 

heating effect of the solution, as well as the increased vibration caused by the irradiation, was sufficient to break 

the hydrogen bonds of the cellulose and decompose the cellulose into glucose molecules.
 [34]

 The hemicelluloses 

of each plant material differ with xylan being the main component of soft grasses while softwoods contain 

mainly glucomannans.
[39]

 In this study, it was found that microwave irradiation is sufficient to break down the 

bonds of glucomannan bonds.
 [27,28]

 This was confirmed by the FT- IR analysis of the solid residue. 

Properties of the solid residue 

  The effect of ammonium hydroxide pretreatment and the physical structure of the biodegradable municipal  

solid mass  can be seen in the SEM images. (Figure 1). The SEM images after microwave irradiation (Figure 2 ) 

shows that almost all the cellulose parts of the biodegradable waste solid mass had been removed; exposing  the 

some  
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Figure 1:  SEM images of lignocellulosic pretreated Municipal solid waste sample  by Ammonia 

fiber explosion method before microwave irradiation 

  

Figure 2:  SEM images of lignocellulosic  pretreated Municipal solid waste sample  by Ammonia 

fiber explosion method after microwave irradiation  
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Figure 3:  SEM images of lignocellulosic pretreated  Agricultural waste sample by Acid method 

before microwave irradiation 

  

Figure 4:  SEM images of lignocellulosic  pretreated Agricultural solid waste sample  by Acid 

method after microwave irradiation 

  

Hemicelluloses still present as well as some lignin fibrils. The extent to which lignin was dissolved during 

ammonium hydroxide treatment and acid treatment is shown on the FT- IR analysis.The identified peaks on the 

FT-IR spectrum is summarized in Tables 1 -4.  It is predicted from the SEM images, Ammonia fiber explosion 
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preteated followed by microwave irradiated sample shows better results than acid treatment followed by 

microwave irradiation. 

    Figure 5: Lignocellulosic pretreated  municipal solid biomass  by Ammonia fiber explosion 

method before microwave irradiation 

   

Table 1: Identified peaks in FT – IR Spectrum for Lignocellulosic pretreated  municipal solid 

biomass  by Ammonia fiber explosion method before microwave irradiation 

Peak cm 
-1

 Assignment 

 

2925.81   

1425.30   

 771.47   

1369.37   

642.25   

1224.71   

3334.69   

1064.63   

1164.63   

1336.58  

 

-C-H str 

-C-H def, C-H in CH2 

-CH2 (Rocking) 

-C-Hdef (gem dimethyl) 

-C-Hdef  

alkyne C-Hdef  (overtone)  

-O-H str (H-bonded) 

-C-O str (for primary alcohol) 

-C-O str in C-O-C group. 

-C-O str (tertiary alcohol) 
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Figure 6: Lignocellulosic  pretreated Municipal solid waste sample  by Ammonia fiber explosion 

method after microwave irradiation 

Table 2: Identified peaks in FT – IR Lignocellulosic  pretreated Municipal solid waste sample  

by Ammonia fiber explosion method after microwave irradiation 

 

  

 
 

 

 

 

 

 

 

 

 

 

The difference in absorbance between the two spectra in (Figure 5 and Figure 6) shows the 

extent to which ammonium hydroxide and microwave irradiation liberated components from the 

original waste biomass. The broad absorption at 3334.69 cm 
-1

 which is the – O-H stretching band of 

the hydroxyl group associated with the breakage of hydrogen bonds in the cellulose. The many lignin 

Peak cm 
-1

 Assignment 

2923.88  

2856.38    

1629.74  

1544.88  

1425.30   

1369.37  

1319.22   

1161.07  

1058.85  

574.75  

 - C-H str 

 - C-H str 

- C=C str 

 -N=O str 

- C-Hdef  in CH2 

– C-Hdef  in methyl 

- C-O str ( primary and secondary alcohol) 

– C-O (tertiary alcohol) 

–C-O str(primary alcohol) 

- N-Hdef  (out of plane band). 
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bands show not all of the lignin was dissolved during the treatment. The lignin left after pretreatment 

can be used for the production of biodegradable plastics.
 [7] The peak at 771.57  is due to CH2 rocking 

associated with amorphous cellulose and which is unaffected by the change in crystallinity of the 

biomass.
 [4,5]  This peak is sharper for the untreated waste biomass and almost disappears after 

pretreatment showing that this portion of the cellulose was converted by the treatment. No xylose or 

acetic acid that is associated with the decomposition of xylan from the hemicelluloses and thus it can 

be concluded that the hemicelluloses bonds observed in the FT- IR spectra. The FT- IR spectra thus 

confirmed the lower crystallinity of the cellulose and subsequent conversion to glucose as well as the 

fact that hemicelluloses were not completely liberated from the waste biomass.  

Figure 7: Lignocellulosic  pretreated agricultural solid waste biomass  by Acid before 

microwave irradiation 

 

Table 3. Identified peaks in FT – IR Spectrum for agricultural solid waste before microwave 

irradiation 

 

 

 

 

 

 

 

 

 

 

Peak (cm 
-1

) Assignment 

3251.76 OH str 

2925.81 C-H str 

2852.52 C-H str 

1714.60 C=C str 

1666.38 C=C str 

1581.52 C=C str 

1436.87 C-H def& C-H def in CH2 

1363.58 C-H def ( gem dimethyl) 

1218.93 C-H def(overtone) 

1153.35 C-O str 

1047.27 C-Ostr (primary alcohol) 

873.69 C-H def 
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Figure 8: Lignocellulosic  pretreated Agricultural solid waste sample  by the Acid method after 

microwave irradiation  

 

Table 4. Identified peaks in FT – IR Spectrum for agricultural solid waste after  

microwave irradiation 

Peak(cm 
-1

) Assignment 

3299.98 O-H-str 

2925.81 C-H 

2873.74 C-H 

1664.45 C=C 

1155.28 C-O 

1078.13 C-O (primary alcohol) 

1026.06 C-O (primary alcohol) 

The difference in absorbance between the two spectra (Figure 7 and Figure 8) shows the extent to 

which acid and microwave irradiation liberated components from the original waste biomass. The 

broad absorption at 3251.76cm
-1

 which is the – O-H stretching band of the hydroxyl group associated 

with the breakage of hydrogen bonds in the cellulose. The many lignin bands show not all of the 

lignin was dissolved during the treatment. The peak at 873.69cm
-1

 is due to CH2 (def)  associated with 

amorphous cellulose and which is unaffected by the change in crystallinity of the biomass. This peak 

is sharper for the untreated (before microwave irradiation) waste biomass and almost disappears after 

pretreatment (after microwave irradiation) showing that this portion of the cellulose was converted by 

the treatment. The FT- IR spectra thus confirmed the lower crystallinity of the cellulose and 

subsequent conversion to glucose. 
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Figure 9:  UV – Vis spectrum of 

Lignocellulosic  pretreated Municipal solid 

waste sample  by Ammonia fiber explosion 

method before microwave irradiation 
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Figure 10:  UV – Vis spectrum of Lignocellulosic 

pretreated Municipal solid waste sample  by 

Ammonia fiber explosion method after 

microwave irradiation 

Table:5 UV-Data of municipal solid waste 

 

 

 

 

UV-Data before microwave 

irradiation 

UV-Data after microwave 

irradiation 

No. Wavelength 

(nm) 

Abs   Wavelength 

(nm) 

Abs  

1 495.50 0.359 470.50 0.250  

2 431.00 0.366 458.00 0.251  

3 310.00 0.331 375.50 0.219  

4 255.50 0.400 365.50 0.215  

5   356.50 0.210  

6   297.00 0.234  

7   256.00 0.300  
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Table:5 UV-Data of agricultural solid biomass 

 

 

 

 

 

 

 

 

The conversion of crystalline cellulose, hemicelluloses into monomers is observed in the  UV- Vis spectral data 

obtained. But the UV spectroscopy cannot distinguish the components present in the after and pretreated 

biodegradable solid waste biomass. 

Fermentation 

 The liquid fraction after microwave pretreatment was not hydrolyzed further with enzymes, [2-5]
 but 

directly fermented to ethanol. A culture with S. cerevisiae in a ratio of 5gl
-1

 was used to ferment the hydrolysate 

obtained after microwave pretreatment in the ammonium hydroxide solution and in Acid. Fermentation was 

conducted in an incubator at 32
o
 C  for 24h. By analyzing the chromatogram, ethanol yield as high as obtained 

which shows the high conversion efficiency of microwave irradiation for solid waste biomass. 
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Figure 11:  UV – Vis spectrum of Lignocellulosic  

pretreated Agricultural solid waste sample  by acid 

method before microwave irradiation 
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Figure 12:  UV – Vis spectrum of Lignocellulosic 

pretreated Agricultural solid waste sample  by the 

Acid method after microwave irradiation  

  UV-Data before 

microwave irradiation 

UV-Data after 

microwave 

irradiation 

No  Wavelength 

(nm) 

Abs Wavelen

gth (nm) 

Abs 

1 686.00 0.318 481.50 0.013 

2 417.00 0.057 471.00 0.014 

3 384.00 0.060 459.00 0.013 

4 360.50 0.062 315.00 0.029 

5 258.00 0.024 258.00 0.037 
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Figure 13:  HPLC Chromatogram of a fermented hydrolysate of  pretreated Municipal solid waste 

sample  and pretreated Agricultural solid waste sample   

 

Conclusion 

The results of this study indicate that simple microwave technology can be used to convert waste 

biomass to sugars without the use of expensive enzymes. There have been some reports comparing various 

pretreatment methods for biomass i.e., acid pretreated method, alkali pretreated method, and ammonia fiber 

explosion method. Waste biomass produces in the Sivakasi area is categorized into municipal waste biomass 

and Agricultural waste biomass. From our previous study, we have found out that the Acid method for the 

pretreatment of Agricultural waste biomass and ammonia fiber explosion method gave better results. In this 

research article, we have discussed the benefit of microwave irradiation shows the high conversion efficiency of 

pretreated lignocellulosic biomass into bioethanol.  
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