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INTRODUCTION

Sources of Annual production
Agricultural residue (million tons)
Lignocellulosic biomass
(LBM) represents a Barley Straw 51.3
renewable, widespread Corn Stover/ Straw 376.8
and low-cost source .
which can potentially be Rice Straw 657.5
converted to fine Wheat Straw 472.2
chemicals and
bio-fuels. @garcane Bagasse 1044.8 )

Source: Y.Y. Tve et al. Renewable and Sustainable Energy Reviews 60 (2016) 155-172

30-40% of the total
production costs

@ < Feedstock that is available throughout the

year and at low cost is beneficial.

accounts for the
feedstock cost.
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Pre-treatment: Process for depolymerising biomass to

separate the carbohydrate polymers from lignin

Bioenergy
~ crop

Cellulose

Reduces

recalcitrance Reduces the

Most energy

D

Pentose . formed by degre.e °f. intensive and
oo R Giucose lignin and polymerization & oyhensive step
Hexose alcohol alcohol alcohol molecules . Of C e"ul 0 S e
hemicellulose

* DESs are greener alternatives to ionic liquids with identical properties.
* Melting points lower than that of the individual liquid.

e Consist of hydrogen bond acceptor (HBA), commonly a quaternary
ammonium salt, complexed with a hydrogen bond donor (HBD) at
appropriate molar ratios.

N |\l
A 'N'.:"! ’7? '

Deep Eutectic Solvents

(DESs)
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Abbott, A. P, Capper, G., Davies, D. L., Rasheed, R. K., &
Tambyrajah, V. (2003). Novel solvent properties of choline
chloride/urea mixtures. Chemical communications, (1), 70-71.

Lower Cost

Simple than ILs
synthesis
and no
subsequent
purification

required

lowered by

mixing with
suitable
solvents

Biodegradable

points
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MATERIALS AND METHODS

DES Components
(1:2:0.016)

e Choline chloride : Ethylene
Glycol: MgCl,.6H,0
(CC:EG:MG)

e Choline chloride : Glycerol:
MgCl,.6H,0 (CC:GLY:MG)

e Choline chloride : Ehylene
Glycol: NiCl,.6H,0 (CC:EG:Ni)

e Choline chloride : Glycerol:
NiCl,.6H,0 (CC:GLY:Ni)

<Molecular Hot spots
Very short and
instant heating

Low to moderate
energy consumption <
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After juice

) 0.8 mm screen
extraction

Sun dried .
size

Microwave assisted Pre-treatment of
SB using DESs

Homogenous
heating

100 °C for 30 mins
biomass/solvent 1:10

S

Microwave heating

Higher product
quality

Microwave Heating
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Preparation of DESs

Process

Mixing with
continuous
stirring @
70°C for 2h

Conduction and
Convection
Longer Processing
times

Product quality
can be affected

Superficial heating >

High energy
consumption

Conventional Heating

One Pot Integrated Bioethanol Production

1. DES Pre-treatment ®
o
e CC:EG:MG and CC:EG:NI o

 Biomass : Solvent :: 1:10
e Conditions: 100 °C, 30 mins

2. Saccharification ®

®
* Cellulase enzyme ( .
* Enzyme Loading: 10 FPU/g SB 0:
* Conditions: 50°C, 24 h . ®

3. Fermentation

Yeast (Saccharomyces cerevisiae, (ODggo ™
1.5 — 2.0; cell concentration- 106 cells/mL)
Inoculum: Hydrolysate::1:10

Conditions: 37 °C, 48 h

RESULTS AND DISCUSSION

Biomass Characterization

Enzymatic Saccharification

Compositional Analysis
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One Pot Bioethanol Production

DES L.
(ChCL:EG:NI Liquid
(1:2:0.016) at 1:10 Glucan=1.32¢ Enzyme Yeast
$/L ratio) ’X’l'f";:-z‘); g (Cellulase=10 FPU/g SB) ||  S.cerevisiae
1k =13.228
g ASL=2.14 g 0.11g 9.25mg
4 R * *
4 w
Sugarcane Bagasse Solid residue  EEE——
(100 g dry wt.) (75.36 g dry wt.) Ethanol
(a) Solid liquid 5.28¢g

Glucan=45.07 g # separation * Glucan=43.79g ’

Xylan=21.80 g and Xylan=16.17 g 30.76% max
All=14.87 g washing All=2.28¢g theoretical
ASL=3.73g ASL=0.76 g yield
Ash=5.23g Ash=1.59g ) N— S

L J
Ethanol
8.69g
(b)
50.62% max theoretical yield
(based on the soluble sugars
present in the hydrolysate after
L saccharification)

Enzyme production

16
® One pot = Multi-unit 14.63 14.52

14

12 e Equipment cost data was taken from NREL technical report, 2011 and was

o adjusted for year 2022 using chemical engineering plant cost index.
& * Cost calculation done by the method proposed by Sinnott and Towler.
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4 312313 Minimum Ethanol Selling Price (MESP) =

2 Annual capital cost investment +

. Annual operating cost + cost of lignocellulosic feedstock

N * & & & o S <& 5 Annual ethanol flow rate
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* Open LCA with ecoinvent 3.8 database

DES

Enzyme production

* Impact assessment method: ReCiPe 2016.

Fossil resource
scarcity

92.36

Electricity 93.15

* Electricity consumption (70-93%), enzyme production (7-36%), DES ~1%.
DES
* The impacts can be reduced by:

Electricity

Terrestrial
ecotoxicity

1. Changing the electricity mix.

Enzyme production

2. Using engineered microbes can produce enzyme in-situ DES

Enzyme production

and co-utilize xylose

91.24
92.13

Global warming
Contribution

Electricity

3. Further process optimization and intensification
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CONCLUSION

Microwave heating
improved process
dynamics by reducing

Integrating Lewis
acids to DESs
provided acidity to

enhance their pre- @ timeand energy STRENGTHS WEAKNESS
’ treatment efficiency. consumption. Sustainable energy supply * Technical Immaturity
* Policy support for ethanol * Higher CAPEX and OPEX
blending * Lower energy content per volume

than gasoline
Low yields because of product

* High demand at high priority
* Availability of abundant

feedstock inhibition
Difficult to predict the precise
2 4 fermentation outcome
Downstream processes are energy
’ ‘ ‘ ‘ demanding and expensive
1 3 OPPORTUNITIES

THREATS

* The development process can be
used for other value-added products

* Employment opportunities

* Young research field: more scope to

improvements with genetically

engineered microbes, feedstock etc.

43.56 g/L of
ethanol production
was achieved, and
net selling price of
9.75 $/gal was
estimated.

* Other technologies may develop
faster and be more competitive
* Eventually too cost intensive

EG DESs are superior @
solvents to GLY DESs.
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