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Ethanol Demand, Billion Litres

Bioethanol Scenario
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https://www.sciencedirect.com/science/article/pii/S0921344918300120

Imbalance mn supply and demand of Ethanol




Impact of agro-residue on environment
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USP of the developed Technology
* Enzyme based delignification and saccharification
* No use of chemicals/physico-chemical processes
* Reaction takes place at mild environmental conditions
» Water requirement is less compared to the other methods

» Eco-friendly and green technology
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Lignocellulosics Selected for Study at 1I'T Kharagpur for Bioethanol Production

Kans Grass

Sugarcane
Top/Baggase

Pineapple leaf &

waste ~ Wheat straw

Sweet Sorghum



Steps involved In Sugarcane Baggase/tops for ethanol production

A

* External enzyme
production or
chemical,
physiochemical

Pretreatment

External enzyme
production

Hydrolysis

Microbes uses for
hexose and/or
pentose

Fermentation



Major Strength of 11T Kharagpur’s Technology on INDUSTRIAL ENZYME
PRODUCTION that includes:

In situ Enzyme Production
Enzymes production Technology
Robust Enzymes

&

Technology on Enzymatic Process Development for 2G Ethnaol Production
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Hemicellulose Enhances rate of

hydrolysis

Cellulose microfibril

Selective laccase pretreatment
- A
- D>

Lignin

Enzyme mediated degradation of lignin

without much altering the native structure of

cellulose and hemicellulose




Blue laccase

Substrates: L. camara, R. communis, S. spontaneum, B. bambos, S. Officinarumtops, A. comosusleaf waste, Lignocellulosics Mixture
Optimum conditions: 35-40 °C, 6-8 h, 15-25% Solid loading, 6-7 pH, 300-500 IU/mL laccase titre, 75-86% delignification %
Ref: Gujjala er al, 2016; Mukhopadhyay er al, 2011; Rajak and Banerjee, 2015; Kulia er a/, 2011; Avanthi and Banerjee, 2016.
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Substrates: L. camara, R. communis, S. spontaneum, B. bambos, S. Officinarumtops, A. comosusleat waste, Lignocellulosics Mixture
Optimum conditions: 35-40 °C, 4-6 h, 15-25% Solid loading, 5-7 pH, 400-800 IU/mL laccase titre, 65-87% delignification %
Ref: Mukhopadhyay et al, 2011; Rajak and Banerjee, 2016.
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» After rigours research work it has been concluded that
laccase although iIs an efficient enzyme which play a
significant role In delignifying the lignocellulosics that

Initiate the ethanol production process but the major

macromolecules being holocellulolytic in nature, will not

function properly without efficient saccharifying enzymes

» Thus efficient Cellulolytic enzymes have been found to be
a prerequisite for ethanol production



A newly isolated strain secreting maximum amount of cellulase that is not only
hyperactive but also efficiently saccharifying the entire delignified biomass to
reducing sugars within a short span of time

This enzyme is also found to be compatible with laccase and the hydrolysable
Intermediates produce during delignification

The product cost of cellulase has been drastically dropped down so that the
overall production cost for ethanol generation has been successfully reduced



Biochemical Characterization

Biochemical Cellulose Hemicellulose Lignin
composition (%) (%) (%)
Rice straw 33 16 14
Lantana camara 47.25 16.4 17.26
Ricinus communis 42.00 18.02 19.88
Bambusa bambos 45.00 17.00 19.20
Sugarcane Tops 33.00 22.76 13.45
Kans Grass 38.70 29.00 17.46
Pineapple leaf waste 42.00 25.00 13.00
Mixture 43.02 24 14.57




SEM analysis
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XRD Analysis cont...

Pineapple leaf

Intensky (Count)

-

Mixture

Lignocellulosic biomass

Increase in crystallinity (%)

Ricinus communis 6.82
Lantana camara 7.46
Kans grass 8.54
Bambusa bambos 4.62
Pineapple leaf waste 6.25
Sugarcane top 4.30
Mixture 3.66




Porosity Analysis by BET/BGH Analyzer

Biomass

Ricinus communis

Lantana camara

Kans grass

Pineapple leaf waste

Pore size
(Before (b); After (ay)
Angstrom

189.20 (by;
297.98 (a)

86.74 (by;
108.957 (a)

61.9 (by;
128.5 (a)

120 (by;
134 ()

Pore volume (Before (b);
After (a)) cm®/g

13.01 x 103 (by;
20.50 x 103 (@)

5.968 x 1073 (by;
7.496 x 103 Q)

4.259 x 1073 (by;
5.365 x 1073 (a)

4.26 x 1073 (by;
6.57 x 1073 @)

% Delignification

75-80

75-80

75-80

75-80



Strategies to improve the ethanol yield from
lignocellulosic biomass

Lignocellulosic
biomass

Rice straw
Wheat straw
Banana
Ricinus
communis

Lantana camara
Sugarcane top
Kans grass
Pineapple leaf
waste

Mixture

SHF
3.8

3.6

2.78

2.51
3.21
3.5

3.25

SSF
3.8

3.9

3.58

3.38
6.02
6.3

6.42
5.14

Ethanol (%, v/v)
CBP
4.1
1.72
4.5

6.81
6.5
5.91
4.9

6.78
7.52

PCBP
3.82

4.1

7.12
6.9
5.96
7.8

7.18
7.65

SSCF
4.12

4.53

6.24

6.95
7.5

6.95
7.5
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Koji room facility for Enzyme Production






Boiler assembly s Distillation assembly




Biomass collection Gantry system for lifting the
tank immobilization tray
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Execution model/ Prototype




Patents Filed

« R, Banerjee, A, Kuila, M. Mukhopadhyaya, “Enzymatic saccharification and

fermentation of pretreated lignocellulosic raw material” (17/KOL/2012,

* R, Banerjee, M. Mukhopadhyaya, A, Kuila, “A method for enzymatic
delignification of lignocellulosic raw materials” (126/KOL/2012,

« R, Banerjee, M.M. Ghangrekar et al., “Yellow laccase mediated delignification of

lignocellulosic biomass” (201631005954 dt: 20.02.2016)

* R, Banerjee et al., “Production and application of hyperactive cellulase from a newly

isolated strain of Aspergillus species RB1313y” (201931042676 dt: 21.10.2019)




NEWS TIME

IIT Kharagpur researchers develop new technology to
manufacture biofuel

Researchers at IIT Kharagpur have developed a new technology that will make biofuel manufacturing process
cheaper, quicker and pollution-free

Cheaper, quicker, pollution free-IIT Kharagpur gears up to
redefine biofuel

fim  7HINK CHANGE INDIA 66 shares
IIT - Kharagpur devel
IT KGP team develops a new technology to T aragpl dke € 011135 .
manufacture biofuel technology to make pollution-
By News Desk - May 31,2017 @92 W free blOﬁlel

IANS | 'ic:l'r:
May 31, 2017 Last Updated at 17:42 |ST



Microbial Biotechnology and Downstream Processing Laboratory

Biofuel Research Group
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