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ABSTRACT 

The global bioeconomy places significant importance on the development of economically 

feasible, scalable, and environmentally sustainable technologies that can effectively convert 

lignocellulosic biomass into liquid fuels. This objective is crucial in the pursuit of carbon 

neutrality in the utilisation of lignocellulosic biomass from agro and forest wastes in an 

agriculture-dependent country. An attempt to transform lignocellulosic biomass into high-

value chemicals and fuels, which has become the current research hotspot, is a promising 

technique for easing the energy crisis due to fossil resources depletion. Besides fermentation 

and biomass gasification to syngas and its further conversion to ethanol, a direct chemocatalytic 

conversion of lignocellulosic biomass into ethanol is being investigated as a viable route. The 

present work is focussed on developing efficient catalysts and also process technology for 

enhanced ethanol production through chemocatalytic cellulose conversion. 

Ethanol production has been improved by developing a machine learning-based model 

to optimise the process parameters of the industrially produced ethanol in order to selectively 

increase ethanol yield. However, the optimization of the process variables was performed for 

the first time using a data synthesis technique in which the normalized dataset which was first 

synthesized and then passed through an ANN model to get an optimized input variable set for 

an increase in bioethanol concentration (BEC) in the  

The economic feasibility of ethanol production through the fermentation, gasification 

(via syngas) and chemocatalytic pathway is analysed. The techno-economic analysis is 

conducted in terms of ethanol selectivity and ethanol production cost. The obtained results 

show that biomass feedstock and catalyst have major contributions to the production cost. The 

proposed route which is chemocatalytic route is found to be giving a lower ethanol selling price 

as compared to the well-researched routes of biomass fermentation to ethanol and biomass 

gasification followed by syngas conversion to ethanol.  

Based on the economic feasibility of the most promising route, the catalysts TiO2 

nanowires (NWs) and WO3 NWs were synthesized by plasma-assisted method, and then Pt/Ru 

was impregnated onto these NWs. The direct conversion of cellulose to ethanol and propanol 

using tungsten-based co-catalysts was enhanced even at low temperatures. The NWs supported 

catalysts when combined with various tungsten-based co-catalysts improved the catalytic 

performance. X-ray photoelectrons spectroscopy (XPS) and Raman analysis show the oxygen 

vacancy (Ov) enrichment on the surface of Pt/TiO2 in presence of tungsten co-catalysts which 
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improved their catalytic activity. Moreover, the role of metallic platinum (Pto) was also 

investigated and found to have a linear relationship with the activity as follows: H2WO4 > 

(NH4)6H2W12O40.xH2O > H3PW12O40. Based on the experimental results, the reaction pathway 

is proposed which elaborates the activation and cleavage of specific C-C and C-O bonds.  

The hydrolysis of cellulose to ethanol is still uneconomical with a low yield of this 

desired product; hence, it is important to develop a promising multifunctional catalyst that can 

convert cellulose to selectively high yields of ethanol. Herein, Ru/WO3 NWs catalyst is 

synthesized which will give a highly active catalytic surface with both the metal and support 

participating in the reaction to improve ethanol yields from 28.94% to 44.56%. WO3 not only 

helps the C-C cleavage of glucose but also suppresses the isomerization of glucose so that no 

propanol is produced, and the selective yield of ethanol improves. The combined electronic 

properties of Ruo and W6+ participate in enhancing the catalytic activity and increasing the 

cellulose conversion to ethanol.  

Based on the product distribution for the best catalytic system using the combination of 

Ru/WO3 and WO3 NWs, a reaction network is elucidated, and a phenomenological kinetic 

model is developed. The kinetic parameters are estimated in the temperature range of 493 K to 

523 K. The model is validated well with the experimental data. The analytical solution of the 

overall reaction is evaluated by introducing the kinetic parameters of all four consecutive 

reactions; hydrolysis of cellulose, the RAC reaction of glucose, the hydrogenation of GA to 

produce EG, and the hydrogenolysis of EG to EtOH. C-C cleavage of glucose is important and 

crucial to enhance ethanol yield and hence is determined as the rate limiting step.   
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BJH   Barret-Joyner-Halenda 

BE   Binding energy 

CAGR   Compound annual growth rate 

CBP   Consolidated bioprocessing  

Cell    Cellulose 

CVD   Chemical vapor deposition  

DP   Degree of polymerization  

dp   Pore diameter 

DFB   Dual fluidized bed 

DEPG   Dimethyl ether of polyethylene glycol 

DMSO   Deuterated dimethyl sulfoxide  

EBP   Ethanol blending programme  

EG    Ethylene glycol 

ERO   Erythrose 

EtOH   Ethanol  

ESI   Electrospray ionization  

EDS   Energy dispersive spectroscopy  

FNN   Feed forward neural network  
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FESEM  Field emission electron microscopy  

FTMS   Fourier transform mass spectroscopy  

FID   Flame ionization detector  

FTO   Fluorinated tin oxide 

FCI   Fixed capital investment 

fcc   Face centered cubic  

FM   Concentration of cells in fermenters 

GHG    Green-house gases 

GL   Gay Lussac  

GA   Glycolaldehyde 

GC   Gas chromatography  

Glu   Glucose 

HCW   Hot compressed water 

HRTEM  High resonance transmission electron microscopy  

HP   High pressure 

ISBL   Inside battery limit 

IEA    International energy agency  

IW   pH of inlet wash 

IIT    Indian Institute of Technology  

ICP-MS  Inductively coupled mass spectroscopy  

Kw    Dissociation constant 

LCB   Lignocellulosic biomass 

LP   Low pressure 

LCA   Life cycle assessment  
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MSW   Municipal solid waste  

MESP   Minimum ethanol selling price 

Mo   Molybdate 

MSE   Mean squared error 

MFC    Mass flow controller  

MCC   Microcrystalline cellulose 

NREL   National renewable energy laboratory 

Ni    Nickel 

NMR   Nuclear magnetic resonance 

NWs   Nanowires 

OF   Objective function  

PSO   Particle swarm optimization 

Pt    Platinum  

PrOH   Propanol  

PFM   Concentration of cells in pre fermenters 

PXRD   Powder X-ray diffraction  

ReLU   Rectified linear unit  

RID   Refractive index detector  

RAC   Retro aldol condensation  

Ru   Ruthenium 

Rh   Rhodium 

r    Pearson correlation coefficient  

SHF    Separate hydrolysis and fermentation  

SSF   Simultaneous saccharification and fermentation  
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SSCF   Simultaneous saccharification and co-fermentation    

SSFF   Simultaneous saccharification filtration and fermentation 

SAA   Single atom alloy 

SG   Specific gravity of wash 

SMSI   Strong metal support interaction 

SEM    Scanning electron microscopy  

SAED   Selected area electron diffraction  

SGFMW  Specific gravity of fermented wash 

TSSFMWD  TSS of fermented wash before decanter 

TSCWAD  TSS of Clarified wash after decanter 

TRSMRP  TRS of molasses received for process 

TRSTCSD  Random TRS of tanker coming from sugar division 

TNWs   TiO2 nanowires  

TMS   Trimethyl silane 

Ti   Titanium 

TCI   Total capital investment 

TOC   Total operating cost  

TCD   Thermal conductivity detector  

TDC   Total direct cost 

TIDC   Total indirect cost  

TEM   Transmission electron microscopy 

TRL   Total readiness level  

W    Tungsten 

WFMpH  Water fermentation pH 



xxiv 
 

WFH   Water fermentation hardness 

WCI   Working capital investment  

WBC   Tungsten-based catalysts  

WO3NWs  Tungsten oxide nanowires  

XPS   X-ray photoelectron spectroscopy  

XRD   X-ray diffraction  

YV   Concentration of cells in yeast vessels 

 

 

 

 




