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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 final product by 1°GL.

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 TiO»
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/TiO> in presence of tungsten co-catalysts which



improved their catalytic activity. Moreover, the role of metallic platinum (Pt°) was also
investigated and found to have a linear relationship with the activity as follows: HoWO4 >
(NH4)sH2W12040.xH20 > H3PW12040. 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 Ru® and W 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.



LIS

e Sa srforary Treififeal & faerr W snffe 0 J sgagd, Aoy 8k qafavor
®1 2P ¥ Agayul Hew @l § off o RieysiiRies SRR & gurdl &9 § @Rt o o
uRafdd & @t §1 FR-FR 3 A Y oiR a7 srufist 3 Rmikiee e sk &
SN H PTe TR B QIS H I8 I£ ¥ Hed QUi & [SITaT=H JqTeHT 1 b P SR
Sl Hhe B HH B & A8 R AND SR B 3d-Jed a1 AT 3R S8
T e &1 YO T SMRITSHS a1 §,, St A Y &7 ffaes 9 T g | farvaa
3R ITATHRT TR H0T ¥ RN 3R S SF ST B TRl &b SamdT, oo aiiRis
IR &1 3T T Tedes HHlbe e SR U e AN & &0 H ST off X8 8|
A B HHIB D Yegiisl b AT Y BT IoRS AbRId B 3R Fafdid
A IATE R Higd g

TRA AT SeTia Aied fawRid Hre 3G SdTed aHal H fafd g3 & Sif Sanad
AT & Ufehar AMUSS! 1 i web TAATa SdTe & dgdl & | gTailids, Ufehar @”
BT 3P Ugdil IR Sl YAV db-i1ch BT IUTNT b fobdT 7T T, Forqw qr=iiehd
STRIT DI Ugd W= fobar T o7 3R O sifaw Idte & Sred=ra wigar Sge) o
1°GL B! i & oY T 3 feid I aR A< U R & foll Teb T Higd & H1eqd
g1 foram 7 |

fpuam, it (R & mrew ) 3R FHIbfafed AN & Ty ¥ 3394Td IdieT
D1 MM gl H1 faeiwur fdar T | SAHTd IS 3R S SdTe- ArTd
& de # qeiet-sifde fazayur far o ¢ | e gRomst § udt e & fo arim
BHISKIP AR IERG HI A SAUGT AN & YW IR g1 IRdTad AR S o
FrIbefofed AN 8, TAART fhvaT ¥ 337 SR I TRfieRur & &g a3
SIS T TR & 331 TRE A =Y fbT 71T AW 6 Jor § 1 1 fobl e aar
gl

Y SRS AT 1 31 sgagridr & YR W, ISRS Ti0, TR (NWs) 3R
WOsNWs P WITSHI-TeTaar faft gRT I=aifta fasan mam, 3iR fihR 399 Nws TR Py/Ru FeReR
DI TN T HH dGHH TR} ETREA- 3R Tg-S3RD BT SUIN HRb Aegalsl Pl
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