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3.1 INTRODUCTION

Sugarcanc (Saccharum officinarum hybrids) is an important sugar and biofuel-producing crop
coninbuting lo more than 80% of the world sugar production and approximately 40% cthanol
production. It is C4 grass with high hiomass contenl, grawing in tropical and subtropical regions of
the world. Sugarcanc has a polyploid-ancuploid genome (2n= 100-130), and the cultivated su-
garcane vanclics are Saccharum officinarum hybrids arising from interspecific crosses between
Saccharum officinarum and Saccharum spontaneuns; with major contribution from the Saccharum
officinarum (D'Hont ct al. 1996). Sugarcanc genome also has the contribution from its wild re-
latives viz.S. robustum, S. sinense, S. barberi and relaed prass genera such as Erianthus,
Miscanthus, and Narenga (Daniels and Roach 1987). The conventional breeding programs have
successfully developed clite cultivars with superior agronomic Iraits, such as high sugar content,
high yield, resistance to pests and diseases, as well as improved ratooning ability (Ming et al.
2006). Bul, the breeding programs are often difficult and time-consuming due to the complex
nalure of sugarcane genome, low fertility, and narrow genctic basc (Altpeter and Karan 2018:
Nerkar ct al. 2018). The biolechnological tools, like mutation breeding, murkscsyssisied selection,
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Making invert sugarcane syrup: an alternative substrate for ethanol production ...
e-Proceedings of 80" Annual Convention of STAL: 334 - 338 2022

IAKING INVERT SUGARCANE SYRUP: AN ALTERNATIVE
SUBSTRATE FOR ETHANOL PRODUCTION IN SUGAR
AND ALLIED INDUSTRIES

Shuvashish Behera, Tejaswini Patil, Sanjay Patil and Kakasaheb Konde*

ABSTRACT

Diversification of the product portfolio of sugarcane biorefineries through the use of sugarcane
syrup for the production of ethanol through out the year will provide significant economic return
to the Sugar and Allied Industries and further promote their economic competitiveness. Therefore,
study was carried out to enhance the inversion efficiency (%) through optimizing different
parameters like acid concentration, enzyme concentration, temperature and reaction time for
sugarcane juice inversion. With the optimized conditions, it was possible to get 100% inversion
efficiency at 120 min and 350 min reaction time, respectively for acid and enzyrme method. It
was also possible to get 93.47% inversion efficiency at 550 min reaction time through invertion
of sugarcane syrup containing 60% of sucrose concentration. Further the syrup could be stored
upto 10 Months of duration which is a good sign for Industries for its use during off-season
for ethanol production.

Key words: Inversion; Sucrose; Sugarcane juice, Sugarcane syrup; Hydrochloric acid; Invertase;
Glucose; Fructose.

1. INTRODUCTION

India currently ranks second in cultivation area (5.228 million ha) and sugarcane production
(363.66 million tonnes) next to Brazil. Sugarcane being a rich source of sucrose (~10%],
accounts for approximately 80% of global sugar production. In India, sugar cane juice can be
the sources of sugar for fermentation into ethanol (de souzaet al., 2015). Govt. of India have
allowed for 1G ethanol production using sugarcane juice to achieve target of 10% blending
of fuel ethanol with petrol by 2022 and 20% blending by 2025. However, sugarcane juice to
ethanol production is fully dependent on the sugarcane harvesting season (October to April).
Therefore, the hypothesis for concentrating sugarcane juice and making inverted sugarcane
syrup with the help of acid or enzyme arises which usually make up to 75% of sucrose
concentration in sugarcane syrup. The concentrated and inverted syrup can be stored and
used in the off-season by the Sugar and Allied Industries for ethanol production. Inversion
of sucrose present in cane juice is most economical method of producing equimolar mixtures
of glucose and fructose (Nadeem et al,, 2015). Also, as per the literature, concentrated syrup
cannot be easily attacked by the microbes which is a good sign for its storage. This thought
process helps Industries to produce ethanol throughout the year.

* Corresponding Author, Email address: kakasaheb.konde@gmail.com; Department of Al ?14»)1
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Recovery of potash from incineration boiler ash
P Nikam, AB Dashmukh, D Abhale', K8 Konde

K Bapat’ and 8V Patil o
Department of Alcohol Technology and Biofuels VS|
KS Kale SSKL, Kolpewadi * /o PSA to Gol, New Delhi

% *

Introduction

Potassium (K) 1s one of the 17 essential nutrients required by plants for growth ang

reproduction. Like nitrogen (N) and phosphorus (P), potassium is classified as a macronutrian;
There are multiple potassium fertilizer sources, such as muriate of potash (KCl), sulfate of potasp
(K SO".}' double sulfate of potash and magnesium (K,S0, 2MgS0,), and nitrate of potash (KNQ,
Potassium chioride (Muriate of Potash) accounts for most of the potash use in agriculture all ovar
the world. It represents 96% of the world polash utilization. Potassium sulphate (Sulphate of
potash), potassium nitrate and potassium-magnesium salt (Sulphate of potash magnesia)
accounts for remaining potassium compounds, In addition to potash, these potassium salts also
provide other essential nutrients. About 95% of potash produced worldwide is used in agriculture
and remaining amount is used in several other industrial applications such as glass manufacturing,
S0aps manufacturing, plastics and pharmaceuticals etc.

India imports all potash for its fertilizer requirements. India is the second biggest consumer of
nitrogenous and phosphate fertilizers (14.1% and 14.5% respeclively of world consumption in
2012). Indiais the fourth blggest consumer of potassium fertilizers after China, Brazil and USA (7 %
of world consumption in 2012). The global potash fertilizer industry turnover was around US$34
billion in 2014. India meets its Potassium chloride (commonly referred to as Muriate of Potash or
MOP) requirements completely through imports from Canada (23%), Russia (22%), Belarus (15%),
Israel (15%), Jordan (11 %)and Lithuania (10%). MOP imports have increased by 26.8%.

In India, Sugar and allied industries generate significant amount of biomass waste such as
press mud cake, bagasse and spent wash etc. Itis very essential to dispose industrial waste without
affecting human settiement, environment agricultural land and water bodies. Bagasse and
concentrated spent wash is mainly used as a biomass fuels in incineration boiler for steam & power
generation in the sugar and allied industries. To achieve Zero liquid discharge (ZLD) in distillery,
incineration boilers are used to incinerate spent wash along with supplementary fuels (coal,
bagasse, rice husk, etc.). Incineration process is controlled burning of materials at temperatures
typically over 850 °C in the presence of air. Incineration can reduce solid waste to 85-90 % of it
volume, or 65 —80 % initial weight. Incineration boilers generate huge amount of ash. Incin8ratiqn
boiler ash contains high levels of non-degradable elements such as potash salts, which oA
potential as crop fertilizers. Table 1. indicates the typical composition of incineration boiler ag

N £
Table 1: Typical position of Incir ion boller ash % - ?\Q
iz Combined ash analysis I } wh - s .
' Parameters Values Parameters ——-—-———\-’_—a_m_“__..
pH {5 % solution) a7 pH = T /‘]
Moisture (%) 28.28 Conduclivity (mSiem) T 3 ﬁ*’
Total Nitrogen as N (%) 101 | |[TDS(h) R e e T ] W i
Total Phosphorus as P205 (%) 0.91 Polassium (K] (g/L) —— 328 /
Tolal Polassium as K20 (%) 0.7 o Sulphale ‘SCT*WLT_H___'T.&—‘
Organic Carbon (%) 1.47 Chloride (Cl) (giL) o P
Iron as Fe (%) 154 Polassium sulphatﬁk_ig._a‘ﬁ‘gﬂj‘——-io_ 98 | 2
Calcium as Ca (%) 208 _Patasslum chlande (KCI) ‘g_,ﬁ“'— —ERa | : ﬂo\ :
Magnesium as Mg (%) 348 Nitrogen i’ﬂg*ﬂ — e ,(\ O g&_ O
Sulphur as S04 (%) 858 _Phasphorus (PLQ',’:?_—-_ ) . 1 ‘a% «,a\ o
Silica (%) 5275 Sodum Na)a/) g5 3‘&6 b L
€ N ralio 15.01 Magnesium (Mg)gil) [ { R N
‘_-____-___'__————o—-l '\\ h ™
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stratear mpotance i the pursil af a low enissioln environm
sust.v;"-.th-'v energy syslem Combushon product of hydragen 15 5
Hyaroaen has vty special proporlios as 3 transportation fuel, incluth |
mah efective octane number, and no toxicily or ozone-forming potentid
flammabiily m air than methane and gasoline. This paper exploros 1yP
hydrogen production and their suitabilty for sugar industry \~n to make India a Global
Government of India (Gol) announced a "National Hydrogen Mission ce" and “nspire” “Clean
Hub for Green Hydrogen Praduction and Export”, boosl "energy Sell'ml'anb " on August 15, 2021
Energy Transiion all over the world” through Green Growth" and "Green ;’O S i ‘nsh'ng the
The Ministry of Power announced on 17 February 2021 ‘phase oné oAt penkay,
iniatives for facilitating the manufacture of Green Hydrogen.
The source of energy and the production method used lo make molec
whether it 1s classified as grey hydrogen, blue hydrogen or green hydrogen.
classification of different types of Hydrogen.

ular hydrogen determines
Table 1 shows the

Table 1: Classification of different types of Hydrogen

Grey Hydrogen _l__ Blue Hydrogen Green Hydrogen |
Hydrogen which is generated |, Hydrogen which is generaled | Hydrogen which is generaled
by combustion of fossil fuels | from non-renewable energy using renewable energy
such as natural gas 1s called sources is called blue sources Is called green
grey hydrogen. hydrogen hydrogen.
High greenhouse gasses Moderate greenhouse gases Low to zero greenhouse gas
ermission emissions emissions
 Generated from fossil fusls Generated from nuclear power ~ Generated from solar or wind
[ power |

Different technologies for production of Hydrogen

Steam-Methane Reforming

Most hydrogen produced today is made via steam-methane refor
fossil fuel source 1.e Nalural gas), a mature production process in whi
(700°C-1,000"C) 1s used to produce hydrogen from a methane sour
sleam-methane reforming, melhane reacts with steam under 3-25 by
a calalysl to produce hydrogen, carbon monoxide, and a rela
Steam reforming Is endothermic

Subsequently, using waler-gas shift reaction, the carbon mon
presence of a catalys! to produce carbon dioxide and hydrogen Inaf
swing adsorption, hydrogen gas is purified. Steam reforming can aigs —l process using pressure-
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from other fuels, such as ethanol, propane, or even gasoline
N

ming (using methane from
ch high-temperature steam
Ce€, such as natural gas In
pressure in the presence of
tively small amount of carbon dioxide.
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b the GO .
) cision O continue ethanol blendyn,

ps have \ a policy &
ig (Gol) 100 a :

L of md{”‘:({}% b)|ending of fuel ethanol with petrol by 2022 and 20y,

025, The policy decisions taken by Gol

ned it 10
pone in the country: Government of ing,,

blending by < : dustry
provide new o ortunities to the sugar and distillery |n. u ;

pp! llowing fuel ethanol productlon from sugarcane jIUICefsyrUp, B-heay,
. 3 attractive prices for fuel ethang

has taken decision N

molasses, sugar and damaged grains and has als0 ol .~ 4 sugarcane juice

produced from various teedstock. Enhancing gthanol pro ‘igbilil of# | andiocs

heavy molasses can help 10 reduce the sugar slock and increase the avelieoiiy K = Slnendly

blending with petrol. In yea e lit ethanol supplied 1 ol MAE BUDG COMEaies

(OMCs) for EBP (8.5 % ethanol blendind n petrol) and diverted 1.84 million metric ton (MMT)
re liter of ethanol t0 OMCs and diverted 0.63MMT

sugar. Maharashtra has supplied almost 80 cro
of sugar for ethanol.

To achieve 20%
about 12000 million lite
would be required to ac
potable sectors. Outof to
supplied by sugar industry a
distilleries.

In India, sugar
To exploit the opportunit
where the distillery capa
production. To meet dem
sugarcane juice/syrup as afeed

As far as quality of feeds
juice/syrup the cl
fermented wash. i
characteristics are quit

molasses spent wash.
Sugarcane juice/syrup as feedstock provides few opportunities, however there aré few
re doné J

challenges in utilizing it for ethanol production. In this il
i : paper, crit iqati
sugarcane ju*cefsyrupasafeedStockforethanol productionp fitical avestigatiafis 2

The sugat industry 1 pi
and proactive sle
production of ethanol Governmen

programme (EBP) and has fixed targelo
2030 Now, It has been pre

sugar stocks peen taken

blending by 2025 and meet the requirement of industrial & potable purposes
rs of alcohol would be required (Table 1). Out of which 9000 million liters
hieve blending and 3000 million liters would be requirement of industnial &
tal requirement of 12000 million liters, 6600 million liters is required tobe
nd another 5400 million liters need to be supplied by grain based

ties and comparatively distillery capacities are smaller

would be necessary to shift over to the Brazilian mod2
cities are comparatively higher allowing easy diversion of sugar to etnand
and of ethanol in molasses based distillery, distillery need to utiize
stock due to limited availability of molasses.

tock with relation to its fermentability is concerned, sugarcan®
eanest feedstock. It is possible to achieve higher alcohol concentration
he quar_lttties of spent wash generated from this feedstock are 1€sS and
e dilute in terms of BOD/COD as compared to C-molasses/B-nee”

mills have larger capaci
y offered by Gol, it

Sugar juice/syrup options
Sugarcane juice/syrup can be utilized for ethanol production as sugarcane juice (1210 15’ pr’
i
ane juice #

(25-30° brix) and syrup (55-60° brix). Depending on type of sugarc

sugarcane Syrup
tation, distillation and effluent treatment performance will get affected
e -

syrup used, fermen

crmen
w8°r

Fermentation
In case of sugarcane juice (12 to 15" brix), alcoho n
rix), al | i di
concentration achieved !

wash will be 6-7% and spent wash generation wi
illbe 12-13 L/L
alcohol. There will be no SP°
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lntrodUCtiono f
vor 55 % of global sugar
ca i
N€ production of ~1850 million tonnes (FAO-UN 2017) was

\“ﬂ”h“ted by the top two producers Brazil and
: ' and Indi

e nowever there are other by-products such a. Sugar is lhe primary productaxlracled from
c

as bio-ethanol using fermentation: and waste

¢ s that are generated

jrea@ms tha ed by th N

f;wliaSSl':‘S as a preferred SUbS\‘.)Il‘ateef(?rnﬂ of its life cycle. Indian distilleries mainly UsS€ sugarcans
alcohol production due to its availability: During e din

_|-mer1tation process, large amou

:S:illery wastewater, otherwise a{]st; E:\g?hwaler Is used. Consequently, this process g?nerates

sroduced, with the maximum permissible r; as spent wash, in the range of 10-16 m'/m alcohol
context (Saha et. al., 2005, Central PollutiDImlts being 15 m'/m" alcohol produced in the Indian
wash generated, distilleries are consider r:jconlfol Board, 2010). Due to the vohgmes of spent
worldwide (Kim et al., 2010). Hence Cem?! F?S one of the tremendously pollutind industries
jeemed distileries as one of the majorponut; Glleon Eani iE gt Government of ndia N>

Spent wash volumes greater than 40 bj 'g \nldustnes (CPCBannual report 2003).

N 4 billion litres are generated in India annually (Padoley et
al,, 2012). Such huge quantities containing hazard : : ihreat to the
environment. Typical chemical oxygen dem ous and high organio conent PR ; 0=

i : and (COD) for spent wash ranges betweer 110,00
190,000 ppm, With the pH in the acidic r - o G500 .
quantities of trace elements, heavy rnelzlnge U':Ito' S gD 2009 Adqn}onaﬂyi Vaml:lg
for the characteristic dark L inlcoionn B, anjonis ealts, phenclics BnC melanoidins resPOns :

! are also present. Variation in the composition and organic
content .o_f spent wash is seen due to its origin (Espafia-Gamboa et.al, 2011). Typical average
composition of raw spentwash is shown in Table 1.

Waste streams with high COD such as spent wash needs treatment prior to discharge and
hence, government policies globally are enforcing industries to stricter discharge rules and
eventually leadingto @ zero-discharge policy (CPCB, 2015). The most common industrial practices
for the disposal of spent wash are fertirrigation, biocomposting, incineration, and anaerobic
digestion (Fito ot al., 2009; Cooperet. al., 2020). Amongst these, anaerobic digestion (AD) offers an
attractive option for treating spentwash (Tiwariet.al., 2007). This is notonly due to its low operating
costs, robustness to handle varying feed compositions and government support for renewable
biogas generation (Ministry of petroleum and Natural Gas, Government of India, 2019), but also
valuing the organics in spent wash as a resource rather than waste. AD is also preferred over
aerobic treatment due the costs involved, and lower amount of sludge generated as the by product
(Cooper et. al., 2020). Biogas generated upon AD could then be upgraded to biomethane to meet
the requirements of transportation fuel. The digestate remaining upon AD can then be further

composted or in some cases directlyusedasa fertiliser (Tiwari et. al., 2007).
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g P wlajsmg Specigc stral:s :fy i el during the distillation and fermented molasses to
 2lcoh0 yeasl. In case of sugar cane juice/syrup as a feedstock for

iyl e o

e cion qf ethyl a;cihoi. the quantity of spent wash generated liter per liter of total alcohol
sduction is about to 5 L and having low organic and inorganic load (Refer Table-1) as
'.anpared to other feedstock (i.e., B-Heavy or C-Heavy molasses). In case of syrup as feedstock, it
‘._bem’-ﬂ‘ed to have raw .splent wash biomethanation followed by BMSW evaporation followed by
oyng. USing this route distillery industry can achieve the ZLD of spent wash. Spent wash powder
") 4uced from the dryer can be further utilize in agricultural fields. This powder will enrich soil as
ol 85 provide essential plant nutrients like nitrogen, phosphorous and potash and also
mpensate the expenditure on fertilizers for crop growth. This practice will result in revenue
gneration and further lead to offsetting the costs substantially.

Jstllery spent wash (SW) contains high level of COD and BOD and is dark brown in color

ple 1). If this effluent is discharged in to water streams, the suspended solids present in the
s#ent would impart turbidity to water, reduce light penetration and impair biological activity of
satic life. Hence, an economically viable and environmentally safe means of disposal is

-ceded to handle such large volumes of waste water.

1 Table 1: Typical characteristics of SW discharged from Indian Distillery

Sr.No. | Parameters C Molasses BH Molasses Cane juice Aiaer:i;l;;c;e '
| Brix 12.0 85 35 65 |
2 COD (mg/L) 120000 85000 35000 65000 |
3 BOD (mg/L) 70000 40000 16000 30000
4 ] Color Dark Brown | Yellowish brown | Pale Yellow Pale Yellow

t is mandatory to achieve 'zero Spent Wash discharge'. To
ries employ various form of primary, secondary and tertiary

for Distillery effluentare as follows;
d by multiple effect evaporation followed by bio-

As per the guidelines from CPCB, i
wform to discharge regulations, distille
‘eatments. CPCB approved ZLD routes

* Route 1- Biomethanation followe

composting 2 S ;
* Route 2-Raw SW concentration by multiple effect evaporation followed by incineration

' Route 3- Biomethanation followed by multiple effect evaporation followed by dryer

methanation followed by multiple offect evaporation followed by dryer (Route 3)
er technologies can be used forroute 3..

~ Thisarticle is focused on various dry : : .
Ir'?lng technologies: In the dryer route, biomethanation of raw SW is l_Jsed as a primary effluent
“Ealmen system followed by standaloné multiple effect evaporation for concentration of
“Methanated SW up to 40-50% T. S as a secondary eiflientitssatiant syeiem Conesntrated
fﬂmelhanated SW is dried in dryer up to 90-95 o, T. S. to achieve Zero SW Plscharge”. Three M
"Sofdryers employed in distillery industry enlisted below.

Spray dryer
Agitated thin film dryer O \
Spin flash dryer ?“(\C,\ "
da 5“9 \ \AZ
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quction )
tro andin
e er Ethanol Blending Program, Government of Indfa has laken initiatives to achieve 10% fuel

e ;
. :‘_01 plending with petrol throughout the country by 2022 and 20% by 2025, In year 2020-21. 8.5
¢ olethancl blending with petrol was achieved. Therefore, in order to achieve the target set by the
:"l wy using optimall available rgsources (water, steam. electri cily, etc), adv anced technologies
&40 be adopted in future. Air cooled heat exchangers, Mechanical Vapour Recompressor
\ grand T hermal Vapour Recompressor (TVR) technologies can be useful in the d istillery plant
A downstream processes toenhance the energy efficiency.

yr-cooled heat exchangers
A Cooled Heat Exchangers (ACHE) are frequently used in Process, Power, Steel. and several
sner Industries where a process system generates heat that must be removed, for which there 1S
o local use. The main function of the Air Cooled Heat exchanger is the direct cooling of various
wocess mediums by atmospheric air. These heat exchangers are also known as Aif Fin Fan
~xolers or Air Fin Coolers or Air Coolers or Fin-tube heat exchangers. These units are used to cool
adlor condense process streams with ambient air as the cooling medium rather than water.
Cooling with air is often economically advantageous, e.g., in arid or semi-arid locations, in areas
where the available water requires extensive treatment to reduce fouling, or when additional
~estment would otherwise be required to expand a plant's existing cooling-water supply

Requiations governing water use and discharge of effluent streams to the environment also tend to
ivorair cooling.

Although the capital cost of an air cooled exchanger is generally higher, the operating cost is
usually significantly lower compared with a water-cooled exchanger, Hence, high energy cost
wlative to capital cost favors air cooling. Air cooling also eliminates the fouling and corrosion
xroblems associated with cooling water, and there is no possibility of leakage and mixing of water
withthe process fluid. Thus, maintenance costs are generally lower for air cooled exchangers.

Indistillery plants air-cooled heat exchangers can be employed on a large scale as condensers
o distillation columns or process coolers. Air-cooled heat exchangers are manufactured from
fnned tubes. Typical ratio of extended to bare tube area is 15:11t020:1.

As compared to cooling towers and shell and tube heat exchangers, Air Coolers are a "green’
soution. They do not require an auxiliary water supply because of the lost water due to drift and
&aporation. These are generally used in places, where there is no utility such as water available as
2cooling medium. They are usuelly used when the outlettemperature is more than about 11 degree
Celsius above the maximum expected ambient air temperature. They can be used with closer
éPproach temperatures, but often become gxpensive compared to a combination of a cooling tower
3nd a water-cooled exchanger. There aré two basic types of ACHESs (Forced and induced draft). In
ceq draft ACHE, the fan is located below the process Qyneledad 8o {orcad Mirough iha bess.
hr‘gduced draft ACHE, the fan is located above the process bundle and air is pulled, or induced,

Ughthe tubes, ,

o J:{ ‘r’]‘ca"Y air-cooled exchangers consist of a finned tube bundle with rectangular box Headers
ends of the tubes as shown in Figure 1. Finned tubes are efficient when the heat transfer
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India currently ranks second inthe gugarcane t | varities
of improved v lly in th ;

lion oW gradually In 8 country v,
i h

; dto .
oduction 18 expocte rement of sugar in the coungy -

has resulted in increasing stocks above the aclu.aldomF«’ - ol has planned an ambllml
overcome the problems arrising out of increasing sugar can be diverted. Through var, »
programme of ethanol blending in petrol for which surp_IUSI 3 and 20 % by 2025. -
initiatives undertaken, Gol wants toachieve 10 % bleﬂd'_ngc;ming few years which will also proyq

Most probably, the 20 % blending will b achieved In or, it is also necessary to i

: A wev
oppertunity for sugar induslry to Improve s financial S1O1S Tgn for the sugar sector. Fortunat
thinking of whalt can be beyond ethanol, sugar and cogenera lthe form of press mud cake (PM' |
the sugar Industry also generate p "

lenty of biomass/wastes in i andievs
bagasse (SCB), trash (SCT), spentwash (SW) ierable th ry par

otc. It is des |
sugarcane crop as well as the wastes generated are valorized ?ffecIIVGJY-
Considering the valorization potential of SCB, cogeneratio

n is not the pest option under i
changing scenario of availability of low cost electricity from alternate sou rces. SbC:ES an'd SCT can b
valorized to form several value added products such as 26 bio-etha‘nol. plo— utanal, SU‘S‘amame
aviation fules (SAF), CBG and chemicals such as lactic acid, succinic acid, gluconic acid, xylto
lignin derviatives, potash based fertlizers etc through a biorefine

ry approach which can play ar
important role in country's energy requirement in future, VSI has completed a vWa project wir
Indian and UK partners with aim to deve

lope different value added products througt
biomass/wastes valorisation from sugar Industry (Fig. 1).
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Figure 1: Diagram showing prospect of vWa project for different product deviopment through
valorizing wastes from sugar industry.

A biorefinery is simply defined as refinery that converts biomass/waste to ener and othef
beneficial byproducts (such as chemicals). The International Energy Agency Bio mgry Task 42
defined biorefining as “the sustainable processing of biomass into gency tI e fgg;o-basﬂ'f
products (food,feed.chemicals, materials) and bioenergy (biofuels, po a sptzt; mrT c:“ i
bioeconomy is an economy powered by nature or in harmony with ll'lgtuwerl?'n or heat) ;nic ot
ihat emphasizes the use of renewable natural capital and focuses o re. itis an econo © o
the wide range of non-renewable, fossil-based products current| n minimizing wastgs. r Fiimac1
wastes produced are put back into the economy through options O!f/rln use. Throggh this appl e

euse, refurbishing, recyc"™ |

remanufacturing. The “zero-waste" policy of circular bi
; ) = Al arb !
waste biorefineries. Sugar mills in future can become ;Oilc(?n?my has fueled the developmenjec
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Abstract

Climate change has severe impact on the incidence of erratic, extreme weather events
leading to substantial effects on the world's ecosystems. Efforts are therefore required for
enhancing crop resilience and adaptation to climate change for sustainable production,
food and nutrition security. Multiple adaptation strategies are advocated for climate
resilient agriculture and increasing farmers' income by incorporating plant bio regulators
or biostimulants in agriculture. Use of oligochitosan in stress adaptation towards
resilience and mitigation, has highlighted the need for understanding of biochemical and
molecular mechanisms involved in enhancing plant productivity. Advances in
nanoblotechnology methods have led to various chltosan based 1auomg;g rials products




W irradiated chitosan for sugarcane.
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Abstracl

Large scale sugarcane micropropag techniques ensure produclion of millions of plantlets
to different agncultural sectors However, several ablolic and biolic factors affect the micro
plants dunng the micropropagation process viz microbial co n In vitro b gof
media hyperhydncity poor ight eficacy insufficien| gaseous exchange and accumulation of
emylene elc These factors have a significant impact on efficiency of cullures gunng their in
vitro growin Al these factors affect ihe production as well as progduct efficacy greally lhe
economic viabilily and sustainability of sugarcane micropropagation Further ihe morpho-
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