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PRIBINT HARTLT

TRER FqUT 8 IISEIT ST-Sro11 AT (THCHTH-UT3TSENS), HYRACT, HRT ARBR P AT IR T epofiy
F5olT HATER o ST T TATIT: AT 2, RATehT TATOAT 2T & S1a-F5aiT bt ST o] STCATE(+7eh STIRTeITT oIt ferepr=r
IR, ST HATe e, TI&T0T, FedTd G HiRTTor 3 T o ofief weerT & wu 3 T 7€ 8 1 3 2019-20
3R g, Axftevor, 3R M Sioter Scute afed WHFiT &5 & 3R T S afafaftrr i 7 off | 37 @it ey 1
ST Y I St F5ot &1 i TiRTfSet afreptall & Hetfret forar |

AT = HATT SIRT WA UR Y QST -Fra1 A G Teret T TepeiTehT STl <IN R H 3TI0TT fyent
TS & | AT ¥ SIRTeT U Ry o= RUTRr SfR e, T cverT sitenfireht 6t sifr v AR oR =t & forg & A,
1T & Y AT HTIHHT TAT SSDBT F W fora, ey wu A 78 A S-St & A AT |

ferier af 2019-20 & SR WEIT 3 THUF3TRE A 6.0.70 FRIS I 3T AERIT UTH 61 8 | Terifes, $ud
1.52 R T g U & R ware v 3 i sarer o enfiret 81 6T o 75 Uars f3 R thet aR T GeRRd aReR
1 e TR Suerey T AT IR RFaT TR, A AR Py Sra-ott H e SegEdT s wu H i
R T U AT Y fET H ST TGT ST b | AT b U 319 b 40% A 1T AR A1 @reit §, Siafes
STRIfeR Y areafires FHt & T it i srafer siiv el @ siftrea 8T fpa T 81 e ¥ YR WRER &R
TEI-T OR SR T Y Sewrdl T STTRIToTT fpal SeIT = SrgeieT wadt it airfaRt e srfe & S
BT 3 $-3ATe Pl AheTATgd e fpanTfvad ATz |

HATer o H T STy & 1Y Sta-Satt ®T qerar o o e BRI $T ar] @R I8T 81 & BRI
TRITRT SCUTEH, STATHIRT IRARUT TAT TRIHIT Peb ¥ IR STETR & | TITATH-TAATSENS Ty warer ferefor,
oS fererT Ua fiparaar & forg ahterer firener o s et T waraT o |

THUACH-U3TSATS ¥, TR $ab TeIg 3R g URITUT Ud JANTITeT gt 3T Ifer o § T
foram mar & Ry wdiver TTor 29 ofiR 31t STdieer Y sTadedT § | ETeifs, SRR & ¥ SRR Wi,
QETRUT HOTIERT ToIT TR TRATSITSHT & SUA T Ry ST aTet 37+ e o URTTUT 311X HeTa o Suh et er
ST, STt ofiR ST SR 31 STIUTT IRIGIT ITSCT o TR Frera A/ 3Ta3e v Y STTaeadh & |

AT 3 STfoiept &Y et e & AR oY W16 7 HeTer 3R S=Tf+iep SIRieT Ga WilaT Afed ARy
& ¥ 1o+t TTfer heTRY 81 THUTRIRE 31 AT = o srerfienett arer it & w9 & ugel =xor & g ers (Frafi)
3 11 =ferep a_l &t ol FrepTett 81 ST, Hifers-19 HETRT & RoT wfdsar <8 g3 3fk 2020-21 Hr =ieft Rrmet
FRRETE ST AT |
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1. O¥ATGAT

TRER @ Rig AT S-Folt ARAT (TACHGH-TAATSHTS), PURRAAT, T SR TAIBRUNT Frott HATerT

(TGRS, IR ARPTR BT U TR AT & Y S1a-Fo1t # SIRIeT U ey, aYeror, qeaiensT iR uféraror

S o foTg wefiret o T 81 <RIt 3 TR 12 3. T, I, STTeTeR-hyReIeT ISEH ISR 0R 75 TS e fi

ST ATTaROT HIS1a o AT 3 26 Tiigpet Ug ¢, R o # tharer 8 el R Frrgferari g5 &

A, e B STET-IAT H Ueh MR f+ieh UiReg Mfaa Y 1 &, o 39 &1 & ufafSa cafs oiix ferewst enfirer
&, ST eIy 1 SATFy T et Rl & SR ST Sa-S5oiT b TR 3 foTQ HERAT T SUTRT R 3 foAQ STTaede SURT

ot AT 81 TR T 18 TACHT-TSTSETS T S-St oh T2 o 3 T 7 e RIeT T 81
AT ST $orT e S1d-FotT ST ob A} Tee il Sfe ier STRTeI T ST ol QTTIeT b el 1 Sta-Frott

&Y ATID TR H TR HATE Tl Ua Tere T, ST 31fereror quf, srary aRad= stenfifrar (Rfiewor,
T8, dIY 3IUECH), 3T TTT/IAAT SRATHIAIBRUT, GRS Sase (SRS, SRNSAHT, qRN-3i e, T
fRproon/fereriRor, Sragee &t wem, fiiie oiR el A6t et wftafad 81 oy afwe 6t 1691 o & e

ST SR Frfi=T s & Sferfer srRieTT Ud fererer TR ot e w5 & T & fg 16 =g S ug
A BT HORT < S TS| SRITe HATer FIRT for<y HATer o ATe A ST b fe1q SRR o ST el & roIT frgiaT &
forg Tftram oY R < TE 1 SeRSH FRT WA P SFTHY Ud et Fer & e amgeasit 9001:2008
STIOTe fepa T 21

TE G e AT SIerfeh & AT Brf 6RaT & Siifts e i et & SRt SuTer o 21 R ot
TG 1 FApTeIT 31X AATI+Teh ST Qe THIET AT SIRRISG T &1 5 37011 ETHT e o AT o g "eeaqut

ST Qe ey TR, Tepeieht IRTesT T Sia-5art & Weama Tifafer T 3R Jofge! 9T o) o

STRYSST TIT TteToT Gfererrait & frrafor fipg Syt strarearna o1 i Suvas gl & sifiRes 37 Fecaqof

TUPR b FHRTIS HeATeT U TeiTer b foTq cepsiteh 31 1R WS ST12Tfeh el 4t STaedenaT gl
2. feror, firer 3k S2eT
fero

et & & ¥ Srcaryfies srweT SiR fererer TRifRm frreaTfed @ & forg ga ofief wiver & wu & wenfie

BT

frerr

e TUTT 3R AHUOT T Qe ST TR ST U e Ty SRl T a1t

ST-IolT &1 & ULAaRY P forg ufrervr ue dAT

S-St 8131 o IR TS H T qUTeITRA & forq AT ST -t 311K ST STHTeIT Sueted dRTT
TS INRIhr BT IgTar < o 1T ST o feren =T & Sta-SoiT 81T T AH= PReAT

Y TR OR ST -1 T e & foTQ AT AT BT ferepTd dvAT

I

IR-IRURS/S-Frort @Il A et Tt &5 3 srcaref+e SIweT 3R Ry fafafer & were & fag
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HATEIT A ETUT 3R TSI BT SATHeTT

e e

T SURT S1a-F5otT 81311 H SR STIRIeT U frenTey

ST U ey e o re-aree

R Sra St 81311 & foTe TaTHTRT T3S g3 ST & farfire= e & fererer che oY wormo=r

JUBRI 3R TRy BT oteror 3R yrHTufieRor

T R IFHRI Al Sa-3o1 b 1T STiheT Wad IR BRAT

AT IUTS BT OIS 3R YT U@ Scure) & S+1a 31 fafemior uftparen iR ST 1 deps b AerIaT S
BT

TfRT&T0T HRIHHT, WA 31N BRI BT ARSI

fireiar sk agueiiy srgare & dae ficer & A= SR qemIehT AT & AT WEd T AT

S19-Frot & UTGTsHH T & eI 31 AT WHTe foreT™ & fTg o1y i Fite TR et

TIRTRUHS & 3 qRTef 3iR AermadR Aard

AT, AT I 3R PRITaIT § THUIRE 311X SXST P i1 TERIT IS BTl

T Siferes Wefre &l 3 O/t et 3iR SITorRT & wefer 3 Srufrey ferevwrsTar ofiR arvraiTai Y qgrar T

3R R R BT, ST i ST W= ST et 8, ey &t # IR ST Ud Ty shteret R &, 3R
Y TATeRvT 3@ Hienfifmal & icwTe, e, sreef, TR SR T5vr e & deiier, daiht, SonfrafiT,

vii

oy afga frfarer Aamg wemr vem:

TEEIT W, HFRT&T0T, T, ITSTR fer, s
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STITRIRT & GREHIOT I WA T STAUT Ud forepr_y SRIRTeTa SR gferemait & frfarfae ofifei & sicrfa

Sufrfora fparmar :

i IR UG S scTep-| (TATAf~ 371R R IR +es WUTcRoT SARTLITET, 37 ariSioTet, BTS ST HHvahvuT, JTHRUT
3R g e)

i TR U& S &cTep-I| (STERTATI+e WUTRUT FARTITET 37e] argSHTe, aRgerHIe, SRR, IR STSgIor,
TATTeT STRITHT, HeTaTfeTeh SO+

i 3T Ud S sclieh-Il| (ATU-THRI TRIRTITET, e ST frevdr, IRfevor, urRfaRi, @ a9 &1
NG, TS Td 2R ST HuTTTerd) |

v STT GFereT e (HFgeR ofdl, [RTerd, Aol el 3R ST 78|

v BRIQTTET (3ITH BRI 7efi+ 3R SushRuT 3R eve o )|

vi IRTBRR 9IS (R RT3 R Sra gRrem)|

5. AR

frraferRaa @ g #7 TaTaTH-CaeEds & A 1 see, T, e aik i v & gfvmor &

ICPET BTIRICT =T b [TQ TATARUT SR ARG T b STt U ~TH1eT a1 SITQT:

i e & ufty uftrergam: weat oiiR STeal & uH R F forg Nfer, wrisral siiR AR & Seeat o frem
IRESEIRNICEI

i TETH P W BT ARTETEAT: S+ HIeNRIfHaT, JuPHROT SR TR IEHROT & freiy T & ATy IR,
HHRICHD R AR & T Fageier Hifa it fifera, ufdraror iR yerer o7 e,

il ICPEAT & AT ARTTET: UeYaR S&TaT, TEATCHEHT b (1Y HICHTE, TaATHTR, U8 3R HRIR T Rrepry, va

iv  STHTST o T ST EaT: IS /RITHTT T SrerfiendTatl o forg sty fries sier TR fereprer b STyt

6. TATRTTE e - e Firemg

SATYf e SIRTUTT e e &l T & 81 FANTRITTSA A SRR ® HRf & forg Srira Al # wRe,

i o AT 3R CelTRed & A ot o fpg g &)

NI WUTRoT
T THTFT & ST SucTed ITRRUI i Jfrem 7 ararsStorer fpwor srfe Hich tirs fremser rex @R,

ARevRTgS, fefemrTss, TraEivie H 1Y RerRier Tl 8iiR 380°C Faeid WHT UR STSSIwTE, YW defact

BT FTAY, SATRIS RRAT SUBRYT, Ioa <41 I7a ATIHT RUdex, WE FIUTH SRIAT SUBRUT, FaTferd

TICT HIeR, wreT fiig SueRoT (YFerEfer et ), YSeiter Ruaes, e dagH arsdiene, Hregeig Siofel s

e R 3R Foiive 1N frsive, ThAIITESTR, B dUHT 3iicidad, eI Shotel 3fe & forg gaftfa i

PIRCHITE LT 81

S IS HUiARoT

e AT +7eh WUTCROT ST STRTeT U ferepray-faxeiiar 3 wnfiret fepar mam & Rt Rerreromrentas, Star srivawr,
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TSRO 3R STUTTIe ST ToN SRINTRITET T ey &1 RAToTere HarTemeT 3 Terdigert, iy e,
IAT-foreT TaIhICIHIER TR hTSaRCd, THUTTERIT ST SUEhRUT QITFIET 81 S HRRahRUT SRIRTRITET 3 arReaes (3.0
31 7.5 Te), IAoRTS AT, STet 2N HuTTetT, efihleTs o, ATseh! fSHEcieier, diex atY, eiaad sears
IUGRVT NP B ATSHIEARIGTSN AR ¥ THaRIRHee s, HoRT i AIShiRaIy, STaecy, HaiR
FTRICR-BH-APR, TS FTRIECR, BT TR A, TRISICH AR Fell, FqETferd i Precy, ST HIoR,
AAoRER S IUBRUT § 3R 3o Shafrs sarremer & Afete TRiferR, Srer g MRilemR, sAmIeIeR,
THSITH-UITSitg 2-SF SieT defaepurider, &TRTST SieT S[euRiae, Siel Jele 3R SeiagIcaRer give 3ty
omfireT §l

) T AT+ HUTAROT FANTRITET & R gea
TINS5 WUTcNoT
Iftepxor, T8, 3N Al TR & dTU-XRIR—ITT WUTaRoT & {7 SRERT @181or quf, ST IRfiexor 3R
PHYCIT TRTEOT, ST F GRSt utervr oy [t FffT 6t 1 & oiR Rrite® BT FeARICR, siFersT
i%r&#q?ﬁ ﬁmmﬁ?ﬁvﬁﬂwmﬂﬁ’r@mqﬁa?m AT ATV A&7 GofT TRNTLITEAT 3§ T FHIHT o ferg
SRET &S, 3TT-31eNT PR 3R TRTH & i1 P 3relTar, T3 forsive, SSNSIEN, SITT%{WWWUT
W R T




ST IR WUTERUT TANT P iy
N RUTAROT 9Tt 3o

6.1 STATHRT 3R Froll TEe= THTT

ELIHATIAR 100kW T & TRUTITDT 31T STARTE 3R fRrstett Seure & IRftpor 2 7Y TR SRt
S fog g 81 R warrar & forg aRaier a1 dienfirh sreef srime & dod Seadt & wet s fear
TRl

6.2 SIa-TATI {1 UTCIROT TUTT

6.2.1 SRASAATC SR T aftic ScUTRT b ScUTE o 7T+ I WIS T ot TIREHR0T

HIRT TSR FRT -0 Set-smoiter frueftr werfiaT & aed ariigdTe oii Je affd Scurel & SeureT 8

T Y WS F S afRearor F AR RS IR 6t 3R aRAISHT AR 129.264 ART HIRAT U 21
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afarerr i sifer firfdr anster 2020 of, ifte o 7t &1 iR srerfe stergav 2020 @@ & g srgRter fear g1
RATSAT Y TR S TR &

eI ETESIUH 3R Yedhens ETEgIo IRiavTge MRS Tid) BT ST e R JaR &
ToITsHl o el o friwur R & forw areara= fpy a1g &1 10 ufererd & S 31 WIRoT Ua 20 fifer. /. &Y Goirsw
[EAT 311X 10 FRIT.A. IR AaSTSH §RTHEM fFYIY Cellic® Ctec2 T Cellic® Htech BT WRART 6 AshIfthdrerT
(erehYenoT) o M <. 1.0, TSST, ST P FIRT W& fehT Y WTHIMSIATELT SiR G Dicheed I 1
AT N G AT AT IRUITAT A g1 fob IS TS (hHeT: BT 3R TetherTsH aTgSio RIFITgs Hidies
TERATET 9 45.5 g/L 3R 82.73 g/L T U= IR HI-4.) T 3TN GSTsH Cellic® Htech (57T: BTSSRI
3R TeheTS BTgSIor URIGHTSS HIEics TR 0R 45.33 g/L 31k 81.82¢ g/L Tt JqaTId R $I+.) & ATl
el JA 81 Safp SQTSIg Pichee BT ITANT B Y, TR ST wArefes T& o, FoRey shwrer:
ETSSIIA 3R TeehelTs BISSIorT IRITHTSS HISIcS Tauile! Uk haet 12.622 g/L 3R 27.82 g/L & Pet qarI®
PR B, BT ST ST RIfYyr F ITART FRT STERIS SR BT Rpwor fpam mam S/afd e o sread,
FEAIe GethelTs ETgg o RIS WSS TRild BT U gagsey A & 72 wiel ad, 50 feft devia, sk
120 IRAIeH oR 50 fAfer./am. dB & B, 10 & TATe% & AT Cellic® CTech2 BT SHANT Hcl §Y, TSTSHIp
TSI AT TRITI ST T3 3 SURITT A BTSSIATSOIC Y el Y SIRT USRI 3 37T T TR STrareteT bt 20 Tt
T UgAT & Y ETggIeTgvic 3R 2X HH-CT Sreei Bl WHIT A1 3 STT Tl 3 g/l 3 Aol Bi-wA-Tg el R Aot Bl
TSTIT, €T 3R Fehforet fpaT Tl HH=e BT 45 FEIi AeriRT UR 16 Ee a fopa ram 2, Sy IR 7 40.826 g/l
BT IR T T P, e aRomea®y K. marxianus NIRE K3 &T IUaRT %% 15.015 g/L & g1
RTETIT &b 39 T el 918 ARy ¥ 191.06 g IRIIgSHTer e gam

PITHIBA ADTR FhT+T ATFHIBINT (NTATHTH) | vTe Y 7 st
(a) ST TR,
(b) FEHIGE Mfees TR,
(c) ToTgH! ETSSITARTT & a1g 3rafdTe areT

10
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(a) T 3R sipa MIes Tarildt 91 & frg °C CPMAS-TOSS NMR TH faT, R 105 (@ims 10) didfies
TR AT b Tl C1 BT DT TATAANG BT (b) TSTSHIG STSSI & 418 ST Higies Tadler 3k
STUFRTE I, 56.2 TIHTH UR et fAfe aRT I (15 2)

STETHTERIT, T, SToiter & TWhTT TSI ATSHINDBIUT (TAETH), THYTTETH-PIhIdheT HTSHINDBIT,
TARISTRE! (fpeeaiuThl) iR TTaTRY St Si-+tfreht qepitch T ST et §Y, AThiciitoreel agadl & fe1g
AR, BTESrriel Mics, WhhIss 3R wHfcs T 6 @S (i) ST forsiwor femam —m IR @1
FTESRF MdieHe & arer seaw aRkRrafal (15% 3T AifeT sk 163 f&ft Aewiiamt amoeT uR) & Fecayqu
UIEHHIRT HeTeT 3F1R Feet T aTel +1Tel-8X T Y eI 3 Glet | ATeT I 5 ST 81 U= STEAT TAT| S STeATalT,
ToITSHI ETSSIRTRINT 3TR Kluyveromyces marxianus FKSA.1 3R K. marxianus NIRE-K3.2 Afgd TgRiivs &
TS JFERTE TR T A UTH $B B3 1 Aegalol 3R SFRITIeIST & i TS WIT $ GolISHT ST3oler & a8
TP fAfT 3107 & HRUT et T (5o F AT Sevrole W) $T quish Sewffe fram Thugeasen R &
T SPRIegarsT 3iR ferffa @ gem & wRoT srguaTia, IS 3R WehIhIgs aramRT FH1 7 "ecaqu 3R
ferer T 2N e CRRATEY 3 Ua quf, 7ams, IS 3iR o ferieg @i w<emT &t 5,000 3R 10,000 @t
gfeg R FE W R ST AT T 2, S TRt & AT 81 e T i JoT 4, ST rRre HIEies IRt
A aRReIfRT (15% ST AIfET 3R 163 fEft Aeviiamy aruse uR) F vt 3iiR sreaafera e ater wxamT
Y a=ffe e s, srere iR sreaferT Aegeiior hrgaw aTel Tl ATET ST, STHTaeTet Fehiftnrer &
TSATSHI & foTQ 31freh Jer™T o1 BTSN & WHY Fecd U BIAETISC a14 B a3 AP o dTel 3Tfere e,
3131 3R ger 1T+t e Seads & ATeas § WehiwhTss ararTe Y a1 &F 5K 3R 10K x B = e afer hr
T &ifey 3R frerey & ey ¥ SHHRY U $ll GRITHUE & a1e FKSA. 1 31k NIRE-K3.2 wife sraf¥re srammy
&Y e &, et diet Br i fereresT iaT 8, St Bl & arfire arfsrafire wrsfsrer ead arT sfa frar T, s
TR Tg UoATSH BTSSRI 3R W eI & Fe a1y 3 Wogeitor 3R 2 RiegeiIor & eR0T & aR A aerem 81
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(d)

e

(a), (b) SFTTEATRE TEHA; (c), (d) TETT FERS TRRAY; (e), () TATSHIP ST & AT SR AT T
Hes e TBIRT goae M ATSH NG (THSUISTOn ITH ST

TP STCATAT, FADIICTD ATTAARISOIL, AfehThepeT TR HHCAT (THSTEUAUD) & HfehaT T [T bR b
foTT, e IoT RIRY BT T JATALAP IRUT & AR TR SHIIASTS eIl STSAIRT (ST13778) Toiisd GENSWEET® IGI-SA

(39 5.3.1.5, S-TTTANT DICIATSAITHRST) P TS ThareioT A $AP NTSAHRND B SSAERIGST B b folT SYaTReT fohar
Tl 50T, & STRATRAT 10T (pH 7.5) 7 100% (wiv) TIRIST IR BT STTRT - a1 e fehaT T, et ST
FEHE (MgSO,.7H,0) 3R AT AeT a1gaethe (Na,S,0,) & Tl SHSTTEhT 0.9 T, T QAT off it 36 T8-STRS
P AR TR 3R 1-24 Fei T 150 Piefier TR 60 et deefiom amugs W gagde 8 gY, o 36 fidfie Mg sk 110
dIdieT SO, a1 IedTe it faham Eetifes, HfcrerRur srafer o SR arffoha frsior & foredt +ff wefep ot STgRIMRTS S eI T el
T Tt 81 P AT, FEAYUT TIRUTHI b AT 3TERIT b STl &1

TR JMIFRIT (24 et & oy 85 il HexiiRd o) 10.51% (wiv) 3T AET IR 2.5 L 3 15%(v/v) TReART
ST 3 @rer 2509 Tt @Y e fram) % arer sEa Midiee IRy ¥ HideS Ereeieie & tede taRieRee
forfee (Tguer) (13.73 T1/f3T. drodT SFTRY) BT Q1-aRUNY ST RmRISOeM & H1edw 9 31fées Suania s mam 10 art
TSV T TRAED AR & 2 gt g 30 ferft Aexfiosg ik 200 mRdies R 20 i), & agiie smaa afed w100
fireft o e Tl A Te-fet® (1:1) B IR W 10 fieficlier Tifeam drsee s (diva 5.0) 37R 10 fiett. seTet &1
SUINT b otehe TaTTsH (RFAT-Ufergd) 6t 5U 3 Arer U=t fsam wim 2.4 I NaOH, 0.08 g Cu0 3R 2 fireft. H,0,
P U Tl Tl b 3iTeideid & 2 Eicl o forv 121 feuft Sexiiorg & d1ush 3R 15 psi b SelTar OR TRl o OR USTTSHT
SfTareTenxuT ATTIfEhaT o a1 fArSIoT BTg S Teret SheTfolRed SiTaRiaRur & 3TefieT T foT e JeiRTSOIe & SeuTal BT fa%iyor
30 feft Aoy & dier amgd, 1 fireft /e it warg = a1 254 15 280 nm UV 3 T8 1T & e feeder o)
et & AR IR C18 Bie, TRISHTSSIS-aTex (70:30) (1.5% URifed TRiS) o1 SUaIRT axdh Soa Heef aTeft aRe
I GRT foraT Tamaafd aRRftR & daa aegrenie SaRd sifaxdiarur afed Tergifd Siaiiaur & dter

falllaN

fTfi=11 T TS HEaYUT HUTCIRUT & | UTIT T 21T, TfshaT UR SAfcReh STeda T ST zeT 8l
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6.2.2 Tauel R RTe TR ST 3 Tlehis T 311R SRS HTe & Seures & forg
gftrepror
el o RiegeRie Tave SR § Tl YaRET 3R arigeHTer & Ieate % fory arRiRemTs Ry
GRPIr A7 IRAISHT T ST GRT U7 TEAT SRASTEUa/TTeaR-aTdgi/2017/164 e 14.03.2017 &t
T o AT < (FSIISTR 16008/T78311R/95/47/2015 &A1 13.02.2017) TR frarferenetar, 3 & e
Ry et T T 81 5 ARSI b eIt 69.60 TR TR 2T 21 I8 TIRATSHT 26 e, 2017 & d1e T I
3MIRET I dlieH & 18 YR Bl T3 2t 3R 15 Sat, 2018 BT ufRAISTT b caet ArefieHT BT s H enfet febarm i o
RIS &1 3iferer ferfer arer 2020 ff ifehe Ueb a & foreaTR areafef #re 2021 Teb b fofu SrRrer fehar TR &1 GRS &t
LIRS IS
B G T BHod FRFRT (7-10)% =Y, (93-10)% ST ATELT, (94.8)% arsusfiet 317 31K (5.2)% IRg A} Y
T eftl = T T AR AT Tealetl (NaOH) 3R TRYS (H,S0,) & &Ter Hi-gie fawam T &M NaOH a1 -
SIeHeE SFIger fSSITg faIoet HRepRUT 8.07. 1 BT ST breh FfIfhT HT8 DRIV FIRT fehaT TRIT 21T AR =1 TR
TRI & AT P AT 30 VAT o Ueb HE T Hebel (AT: AR+l BT, T, ATOH 31R ST ailfel fesirg fog g
fareTet HitredeR S TfifspaT Tee BRI (STRYHTH) &I Hag A 3G (Y T NaOH Hi-gierc b Referar -
RIS THTIAT (%) 1, SRT AT (%) 5, TG (*C) 100 3HR T (RT) 30-6 5 H TS T 21 TehRT ATST b el
TIPS AT Hed (g/l) 50.75 (g/l) TRITTAT, STeffeh STFATHT Jear 55.33 (g/l) I
PIT TR T FeRIRD RIS (H,S0,) & AT HI-EIT T T Tl STRTHATH TG 1T SAeHT-3eRT IS
Reaferat Y = TS & 1T 2 0 WA o Ve AT BT Hdvel T AT THTRIAT (%), ST ST (%) 31R T (fBFe))
H,S0,-gicrie ReIfr: IR TTIdT (%) 1.97, ST ANST (%) 6.18, 3R 9 (RIAH) 46 - HRUH U T51 ST
RIvITCRIT = G el STATHIRT o SR IR e AT chl Nkt 63 % (w/w) UTS T, STefch STTAT T 60% (wiw) T |
6.3 IRIRATTeh WUTaROT THRT
. dT 3TR 3feredh, THINTEET, SeTeR H USiied Yas! BT & HTeH A 39 THNT 3 &3 3TN AT Ud [T
TRITSHTS TR 81 5 31afer 2019-20 & SR, STRT ATRIHE €T e aftfa S8 1R IdRMT & IedTe & forg, 3
&1 o IUCTeY JAURTE JRAHRT A TS SRS AT b FHIUT TR 1| Hebs T T, T 3711 b1 IUIIT Afeha 3R febamefier
P ISRE IR H o fory f&5am ma o, R Picemrgoier afifdpar & forg Fecaqut Iore Tfifdfy fears < 8
TIRITSST UFaepTaT & TepTerT ob foTQ UTRUITHT T HelfReeT fepaT TRIT &1 89 Hedl-a et SeuTal o forq et feraiet & JeaaeT
< fIoRT IR Uep FETET o1y T HebTTRIeT fhaT &: WRTST & o H Hfcharr Senfich, refegaeeT 31k qateru & el & aRve|
eIt T ARY ST, ITATSISTeT SeNTT & et dTet! STAfTE HaTe, HH Hed & IUTE o B H FATaRUT 3R srefegawer
ST o foTU WaRT UaT o &T 81 AT, JriSioTer rfegael Y fEem § HHRIHS IREM o & fory, 397 ywmdT 3R
PATAID ST Fecaul ST HUNGTT BRAT BRI S AT AT e FarT AR H GINafieT T ST el & AT ST
ST HEET T HTH R+ & [eTq ThI ST ep/HUICT & o9 H Tl ST HebelT &1 3 I o1%g o, Ueb ebrileh! Je e T
fAT=T UTRT AT & FRITeRUI 37R 3T Uge], T B IT IRAIRBIERT o (A= AT & Gehlaor T g ferat
Y T Y TS TR AR ol fopaim 1| Star ARi+eh T o HTed™ W drodt fReTaRiet o ouTaRUT I SR G TaRuiy
T UTH BIT 8, IUTE 311X SR GATAR b 3TIehel 81 ST & BIetieh, e AN Teb TB3N DT ATRH B F ToRSTETST

fehaT STTAT &, AT NI Seh SoUTaRuT ool IfshaT & 3R 31Tfeh w0 & gy «ft 81

13
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6.3.1 M SIoTeT S o H fog ey

HY31TE ST &b T S8 & T H SRS NS 37R H SISTeT &Y WINT R &b STcATdT, 85 8T a1 & F13TTS o1 & FelerT
& foTg 98aT 1 R-Tepr1hT ITUTET & U H G Tel-ATETRT BT SS AIShITeSIT Sia-S8+ BT SUINT PR+ BT fIPT PR
T2 8| Brfora, Arfeca ToT & ded AT TY Ueh oI & 39 2 BT Uil TieTll & fob 8Tt b 8T 7 BT Rep GaiaRuiia gl 3ik
TR FGT APl A IAO Dl [Rarail 7, deii+ed FHERT Pl 31erT foffUs uR 3menRa depfeuds $ET SRy f
HTShIB L TR FhR ST SET (THUST) Y IS e o fory WR foham 21 3 Sta S Seure Hfsharan H,
TRIERRUT IT BTS5S SE ORI el ol IfehdT, Ta AveT &, R fopd) ofr sramarfres wiferfsram ar sifeer smafee gsform
TfohaT T TaegerdT el 8lclt 81 $9 ok = 31eRT ffUre (<ot ANl A THTaUh dhl (Rt o fore fafiyt At &t ey wu =
e T 81 SR 2R H, oI BT e EATehUT CHUEIE Uh RuoT, fHirep RIariferep Uit ep ferq ameeafer diet T S
&I G, TSI, IS ISTet 3101 3R USRS ISTet 3 STl JerT, HISATS SoT & o0 R iR Teef fasiwor ;R <aT 81
TE e IR SE et & TrTa 3T TUaeuth 6T Hifiie-Irmfes faeiydTalt ox a1Tsies, S8-3Tmias MfS iR off
2T Shfore &7 21 AR e i BT Ui e aTel & faRhle ey &t et Y 8 81 eyt &t Reera sirame,
T U F BT fhforen-ford fihferes Ser (TaverdT) Joor & T YT 21 $9 & Uee & ATudel orifd da fafdre
S8 U, TP, dicgi e 3R G SErT & TR W IS Bl TS & 3R urm 11 & o I Jo UeiSioreT 3k I8
UGISISTeT ob Tl ARITSISTeT R8Tl & qet=113 &l BTetieh, =T eerarat gRT RUTE foby Y IRTSIH SOx, CO 3IRNOXF
e H U HPRICHD (AT & ST aRITSIoTet H oeT NOX b oS IAH b fquiet qrarioter SR Ugle siet i germ ¥
TG Tt BT SUITT G T ST D BT 21 BTetifoh, TR-Ioaford eTgg [pTe (JUarT), aTrS oiet o810 31k Ugreioter
T T H o T H & SiT sG] IR b AT TG &1 T FETI I UelT R TRIT STT HehlT & fb THUeral g 3fefe: epid-2eit
TR H HraTTS oI o foTT T 3T OR 3 3TeRT ARl e FFRpuuT ol IRt ax HebdT & AT 8T e o JRI-arRf
PR dTeT ATE1 B AR TfehaT T ARTAT A e o [Ty R eR 8T AT 2l
6.4.3 B3 TP BIAT H A TEAH GIRT ST Dl T 1 UFhaT H I U G (e cret SR AIgehIgHe™ 31d $8+ &
ST B AR STTSHT SO N AT SYAR 3R S ATIETND ATHART DT IUIRT PR &l Pr| bl FIRIL A1 MR &, il fop
FT T e T TS TIAeHT bl FHIET TRV & T8 &1 T TN STra, IR P et (FRa)-ATai ergias
ATSPISHEI IId SE (TS THTHT) & THTE IR ol &, AT H 431 RiTTeT Riciex HaTTE o & HeeH, 38 3iR
I fadwarel w2 tReRfe dgge (2 -SvEwE) (R TIERR) @ Sier T B 2 - SuagHdr
JRTATATTRH(GHTST (55%) (AT, %), FoTet ST (3) (28%) (RrafoaTem Hees) (A1e3, %)3iR 2-sgerieT (dT)
(17%) (3TTSieP) T FHHLT: 500 (THSNTHTIITH500), 1000 (FRAITHTTH1000) 3R 2000 (FHTHTTH2000)
IITe & SFUTT H SITST TRIT 81 2-STaUeh ST R HISUHTETS b ST TOTT UR Is T T8l IST, elfeh] e
ST (AR T0T) F U gfeg 551 TaTTE ST 1 sieh i SarelT (METS) 2-30ae & Siree 0R, JHINTHATTd T iR
T i JTRIcT-eTR arateiotet (1100) 3 T & 1000 e e rehY 9 7<) T SNTACT=Thes s fIfre Se
B GUT (STATHT) 2-$TaTD 1000 NUTTH & ST b wrer  2ff, tfehT 3Tchet JHTATHTAET TR 1100 bl Jer T
2-$TITP 2000 FTH Tob ST IR 3fIp 81 3Tferepe Rierex qamd (), & o1 Refiel &R (TILIARIR), TG
TG BT TR (ARINUIBIR) 3R TS T R ST ST (TIURYHaT) S T8 (ARSI 7 IS AT -5 b
1000 e Sire e argger TRu fewmy geftaiivruasios 3 2-$6ieT & o Sits (2000 Hidied) = HitsT b &
37T 7 SFRIFA &t TR @ e 3R gafel Ul 1 & SR ST Sqe b IRVl 3TERT S& 37Tl PleT




I ¥ Rafe 2019-20 (l

AFIBITEATES (CO), (T BRSSPI (Jua)), BT SR3HaATZS(CO2), 3R ATBCIoH P 3ffaargs (NOx) St
Wﬁeﬁm&ﬁ#aﬁaﬂ@?ﬂﬁﬁ@ﬁ%ﬂaﬁﬁaﬁaﬂwﬁwsoo 3R TR TR TTH & HTef J5eR TR
TR  2- ST TSI, AGISH (NOX) T 3R T UTSIoTeT o e H 2.06 3 33.33% HH PR T &
6.4 ATI-IRARITT THTT

I 7 FYIRRT SIS0 @ 2013 P FTAR TRIFRT PHRCIT RIS TARTTET bR br & 3iR =
AT gebTS ¥ SRIY P SR AP PepRelal T URIET STRT 8 TR Pebrela WRIE g 36! ke A
Afsor & 31 CH4, NO, SO2, CO, CO2, 02, HTiEgeie Hey, ATaHT geaTfe st fafi= 3R Fecaqul ATaee o uamr &
1T ST~ Suep=ur &1 JfaraT = Ioer & alel PRI &8, IRT TSR (e, 99 BelRHICY, THTHY -4 qTfgere
AR TR, ATgshIectd TS M & | I HheCId P URI&T0T STATST ATDI b STIR T ST 2|

o< a9 2019-20 & SRM, TR ¥ AT aRITRT XAISAT & HS2 P S8R &1 & 70 T8k I Pepeee|d IR
9lTe fohaT T 2Tl SRS PR , o0 S&T & ATl BT ST DI HH DA P 101G ADS! D S8 T SYIRT PRb T
JER IR PARCI (IBC) BT (SIS IR GRI&I0T T 7T oMl o1t SawaT, fstell IeTe 3iR Ieor o AT b
THTET3TT & e 7 IBC & U2 T Hed e fohdT TR TRART & o1, IBC o T STeTT-3TeTT STl b dter 7 SeT-3TerT
SN AT b AT foTT T T Uget! fSSTTe H TetReR 31T U (POP) $eIfci HCI e & U H T, Sidfeh GaR o
ST AR & 0 5 T et T TR 21 IR < Ot T & b ey 95T s-geie At & Arer IBC, POP & AT
IBC ST eTH H CO TR (29.36 ppm) 3R PM 10 IS (3.64 mg) o ATl Soa AU 1 7T (32.66% ) TR vl
21 T g JATETR IBC & foTq 7.3 W T Aferepere &micT T bt 78 offl IBC o WRRTIHe URUITHT bt qofT ATfecd
SUCTe TRYR e TATS & YIRUITHT & ATy i 7 2ff) it & a1 fFrsan fFieptet /T o fSwige fhu 1w IBC T gerdr 3R Scao- s
el JedR UG [T 81 faiaR 2019 & SR 11T ST SRR TS e 3 UrolT R & JIaRTSE R A et 3 oY R
R ST Ueh 1% YRRl T 7T o]

7. STIRIYT Ua T (STRUSY) aResrTg/srawrenm iifafemr

THCRTR-UA3TTS TS & e 311 GRIETUT 3R STIHIT Sl JUITeRT 3 HThIeR0T & Heaqul JfHeT 71T et
81 A PRIGHH IR ST, IR RAPRUT, SRR e TCIa ST IR STTETR 81 ITAR I Tehe11eb GIT UepTT, fatett
ITET IR SHG-HITTSA SFIFRINT & oY Ser T SITYLRT b foTq SFRT F=Ter & o0 § ¥R & 8l TR & e iR
STl & foTT THUATRS GRT ®s qari1eh! Fadie UNAISHIY 6 &F TS &1 ST Jedie 3R qeard o !
farepraT, STt et & fepre iR ff=T STIprT o forg fafa =T ool #1e A TR o AU b STaRaR &l &1
I YT FRIRIT T ST & o9 H aRafla ¥, S SRRy Srenffda/monfery & emariie<or 3§ 7eg e 339 forg
RN T T FeoTTe 37X fAPRT IR 0 e i SaegahaT B8R HTHd AT & foTT STIRT TRIST0r H-chienvu,
DTS, ST TR SO SIS TRIRTTAT TR e o foTU 4 RIS BTl IR RIaT ST e T ST el 21
ECEERITUINEIY
+ T T ARIGATID PI-THTRTE Sia HATE ¥ WiehH & AT 3R ARITSATeT ob fFH 70T & fof g SrRep=RT

eIV Y S ST.A PR, SR DI ffor A 2017, Srafer: 3 9, doigR rafener, sra & aedimd

ST SR T A, TRTSHT @I 69.60 TR, qUiTeT fIifor: TRaRt 2020 (139 o TR & forg arRie fepam

)
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+ TR 3R eafdd SR (SSI-Tle, AR ATSIER: SIUTer]) & IdTeT $ foTg T & fesert a1
SRR TR 3 ST.ATH PHR, FRAT DI [IFRF: 7 2016, STSTHTHA/ITAUT, FTSTIet < A HIRA-STsiier
feuafr weanT & Jed SHEIet aRT iy NfYd, TR drTa: 129.64 TRT B, gufar fiifer: aidier 2020(6 A1E &
fareeTTe & forg arRrer febarrram)

TR TRATSTY

+ IR FER Y gAY UIGT & STa-SE SeUTEH T SiaT Tsp AT SR epe1ehT-3T11ieh fPeIsor: AR & goTmer

RIS T e HTHET STET" 1 AT QehSHT 3HTh AT, AR - 8.21 2T (% 3 ST, Teb TRA) |

4+ "SI FEU S T8 TRITHRT SR{hehe & foTU U oid Tehed R RUarer oT feoig 3fR faar THRRIRE, TR &l
TR, IR STRICT: 174.66 TT1Rg B0 Safer: 3 aY (S 3Faua: . fRaet Tawer)

+  "TRUIADT S SFUFRTE T Foft H GfRafeley et b forq TefieT sitenfiich obr SuaiiT e, IR &bl SRt TiRATSTT
I, 356 T HIR<H 12 O0R; STafer: 3 Y (T SwaIveh: 1. 3Tfet ob AT, SFRT He-3ravep: Sf. el TaR)
TET SSI-ETRT ITR-APRY (AT 3R Henfich! TeANT PRIpH & HTEAT I TR [T TAT 81 GIRITSHT SARTT:
50.14 STRT TR 0, JFATY: 3 T (SR 3=Ieh: ST, AR HHIR, T TE-3F-eb: ST, (FRgel Tere)

+ IR, SRR 3TR aet BDITRIDT HICH ScdTad & ATead A By STafRIe IR $T G JedgRil”
"RIRIATER 3R feciiae Py P &1 5 SSI-SFer e 3R TR TeANT b qedt 2019 S Uit o,
ferTT=T 3R SN fieh! 5aTerd, AR AREDIR b SRl URATSHT el ARG 1 Ua: 296.85 I ARG BU; SEIT b
JNTET: 20.00 TR, SFQfR: 3 I (S SFANe: SF. ARF FIR)|

efrer oy

1. THFTST, PHR U 3R IRAT Tob (2020) - T & J37TeT H ol fRTeae 7R UotreHT sragifenfmy oR flereriet erfet 3k
ETgSTHe HicieHe &T yTa Feeruiir SHoit, 154, 1304-1313. (3STH: 5.439)

2. AP, AT dieh, SiTa FAR Gadt, & TH, RiE U 3R R T (2020) - ST SFeaIT 1T 3 37&RT IR
SR ST o T AT TR, TRTISICH 31 R IRAIRBIS I SI3T3TTS: 10.1002/bbb.2104 (STET: 4.224)

3. TS, ST, wifeer i, R The, HHR UK (2020) - JaT TR ISR b 0T H IR I<UTe AR o 73
TR 7R ST SN e FHfleiT| TG Teefee |1ee, 2, 1307. hitps://doi.org/10.1007/s42452-020-3121-
5

4.  3RISTIR, Je=T T, I THeh 3R PHAR T (2019) - FAGRT Tl PRI T STIRT b TSI TeT ScdTa a6
T TCTPINT 3R SISt & HE-epuare o foTy 7T T Feaich| Sia HTeifIehT 3R STamfshaT oM -aivT, 24, 924-933.
(3TTSTH: 1.438)

5. SRiE, Ui, U A, T ARAT (2019) - YIS HichTT 3iTer A UTH TriISIoet 31 R ETSS HIeT b Segeh H1aTs
ST b TET, Te 31 IR Seefoi [ RISTT3! T T Teb STTehetT| JTaRuTey SRTHT 37 Tt Sool

6. STRiE, TATH AY, T A=A, SURIE I 37l A TTH TSI, B35S 8, 3R BTeg -IRITS S8 o forg -
TRITRBTSRI YTIeic F FRATTUT R & SATUeh STE| Frolt AT, IIT T Repay, STANT 3R g faRufay o, 1-
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7. TEPAR, b GRAT, 1T PHR (2019) - $20 (SITT-aRITSTe) 10T 3 ATl S8 aTet H1aTTE o o Ueef, 8 3iR
I fIATATaN R HISH & TTa BT 1T v & forq U 71 Gfepion Tt T fast ok IRt 14,
100185

8. <Iud g, THTE T, Toh IRAT, (2019) - HISTTE ST o folY S8 b 0 H U1 Sfet i Ueb AT TARTIHD S|
SRS STt 31T I O, dfegd 16 39 14 16 (14), 1152-1164

9. TIPIR, T AT, U PR, (2020) - ATSEHIVET TR STSI5S S1d S bl AR, T&707 qui 3R S5 fereraft
R Ueh STI e FHT&IT| TeepRun 3T Hd ool AH1eMS 117, 109498

10. fIReeT TaRgS, FAGT PAR AT, TSl TGS - RAcd T Pelges P SUAN PRI gU BRIHS Do
PICaloed e fRIed & TRIf® 3R Agifrd fiun geetgs ovfer Seif~aR, dfegd 171, 2020, 116969,
IMSTATHT 1359-4311, https://doi.org/10.1016/j.applthermaleng.2020.115069

QT & ST

1. T at$, Ta v, ek, PR T (2020) - SIS BT AIghISe IeUTe: T oRTd-ATdt e
FIframaT; &S T, AIEUTHT dipe!, HIEUmET 0, Hlect oo l(SSIUNT) HATSshlfaet fdhua= vd UoiTgH Hienfidh Temsir
U7, AT e, didt. 227-256

2. 9ERT U9, DT U4, PR T, SR Felt &0, (2019) BT @i A qRIGeHIe Sedra i FHET 3R
DTV S ehep: 8 TeT b, <iTeRy SiT (SSI0H1) TR Iewe 1 Ud JriIoRIed o S+, afedd 3: feffras qriorer
ATSFe, ReghorR UfeeTfiRT CeTqersdt, saeff, gua, didt. 285-318

3. FIRget Tags, HAS PR AT 3R Holld STRIS - ST b [o1q AR Foott HTSTIDT SR UTT T &reaT: JIoredT,
IR & foTq T I @RI ST, AR Frot Seifieh! 3R TSR & Ffr oR Jeiep 3T 3TeTI, SHII g, fett
W@"RTEQT%H 39-82 https://doi.org/10.1002/9781119555650.ch2

AT A IR fer

1. BT, T O, PR 0 - U JRATS T erfeione TR T a7 ST adh TaTaeiiuth §RT ] 61 @1 & =i
SRS TT ST PHPI-2019, SIS feetl, TRAH 16-19 feqwaR, 2019

2. T 04, &9 O, PAR O - G STTSalIST B SUANT o foTq i emicee TR PT SUINT axeh T i @IS I
IR ATeT BT SeUTe| "It TATaRUT, Py 3R T & Al fIepT A HIsshifedie Henfifdpdr W 15-18 TR,
2019 % ERM, Heir frafdemera sRaTom, TR F SN THaiTs-2019 aTfie Ter iR sidarisdy et

3. &9, T U9, TR T4, QfBRUIT 37T - eiceRe FT ForRMTga™ HTaifaN THeTEamRE-& 3.2 3T SurT
PRSP TR T o ATETH H TRITSHTcT b SIS o fofT T &hl WIS T SRR 11-13 ey, 2019 H SR
TS, AraTeft, TR 5 ISR A, SRR MRl & FarR (JMEdic-2019)|

4. TIRge Targs, BT R I, Wil SIRTS - Teb Ueblgpel URATe I IcTalfecd eHel Tullel T aRT e
fepeTeror, Hepfereper |t STk Teftaoli STt IR aRT STTRTSEIT T Yer o refaTel (MeefiereHans), Rafaa,
TRl

5. AT HET, GO Ty, FREeT TeRgs 31 S O RIST - B Ioi b AT Iod ST o] J8cR TR P [ bl
TJTCHSD TR ST, ST ST H I UR 7 SIcRTSERT et bl hRIdTal, TSN e, 2019.
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rferfRr ver s PaT & e

1. S QT PAR 7 S, TR sideaw I Hrefieh! T, SeeRk 3 23 HRaxt, 2020 PI Sag8 & forg
feRIRIe e 1Riep STITHIRA b AT IR UR Ueb SREAT (T SiT S 3TSY-111| §IRT SRATT o7 Safer iy "37ett
T & ST S8 3R 519 IR & oTq SwRaH g3 Wi (SETuotaial-2020)" @F 21-25 HReRT, 2015 B &R
ST |

2. SIL AR PR T 11-13 SR, 2019 & SR AT, HIETell, TR ¥ AT IR T, TR
NI TaTaR (JMEEIET-2019) F ST e &=

3. STLARFMPIRT 15-18 FaaR, 2019 H R o [rafemery sRATOTH ST "I, JaTaRvT, Py 7R Ty
& I famRT 5 HTgehieTer Henfifhar U= TuHars-2019 a1fie et 31k SiaRise i st & e e =

fe=m
4. STUPHTRATT HTREICT, ALY, et b Tad T A It 3R 3 o dTeic ScdTaT ob SIS0 BrRighH
GGTE efch & wY H SR feTl

5. STQ % R ISR T, SRR Wit & TR (3mgedt-2019) 5 i oo & wu 3 carea
TS 11-13 AR, 2019 B SR HSuelt, Arerett, TRa = Smnfre faar i em
BT B NS T
ST <1ua RiE, Hefidnet Soll R g, S fierR sfaedy TRITSE!, STeTeR Bl ST NRRT "<Ha1TE goi & Wrel It &
JUfIre q) SMeTRa SRS, M Siotel 37K A1gehITe & IcTe 3R I STINT IR TR ST & foru fiueret &
FERTI foam T, FORY ST T RAT RT 8- RS R1a fpar e
8. AT A=t / 3 Brish T
8.1 SR BRI
8.1.1 "S-t Hienfirdht, ugefe 3iiR 337 Frafvaa wR IS URRTevT HRish (5-8 4R, 2019)

TR Tquf RiE AT S1g-Soo1t Gl F fifd 5 F 8 FAdsR, 2019 & SR “Sia-FHot Henfidhy, uee= ik 3a9%
HRTIIT R IR afia I ufdrerr wrig ST faar mam wfdrerr srig 3 srRivi denfidh ik wRIfSs
T STR AT 317 Teeqall & Fa e s T o QrTfeiet o T = g forwar fdoren oy &t faremferg ok
eI & AT eyt SrSwe i SrifiTes farey uR e ) SfRreror shrisher o S IRT <eT R & I, fRramfe, srgeem
g 3R AR BT |fed et 15 AT 7 Afehar u A AFEH M 5 Ta@R, 2019 BT HL.Ye. . e, fFeer,
. d1.3TR. sfea Iy HrEiifihr e ok sft. <. . e, Tw afva, TITarRe iR THraT-gTeEes &

oo

eI P 3ferf th THR gRT3GHTCH fopa |

TS TfRT&ToT SR BT IO hieT
18




P i Rafe 2019-20 ‘/gl

TG THRIE &b U1, 8 TdeR, 2019 DI AT 04:00 ST BRIHH FHTH fhaT T TR fEavf i iy wfareror prigh

& et FHTI IR At uferTf ot vrrores fadRe fopg o1 s dienfifdna & ar ¥ drie & SR ufrifiat e
SRR fefam T o7 1R I8 STaT &1 STl & fob WirwiT 3Toey Ry Tl b dter STl STFPIRT T UART P 3R AT
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et FHTY R St IfcrTTRay ot spror ot fra e farg g
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. , srggt VI
WYER Fquf RIE IS I FrolT AT
(TR 3R TR HRNT Frott HATT BT T TR HEAT)
HYRAT, USTTd-144601
Tecauut crie Aifor 3 @ uR fevafdr
1.  EETIRud

feritar fereror, QfereTiRres emrer afRuTel 3 SITeR TR IR fpY TG &, ST 1= 0 9 31 erieh T Rigiall gaf
AT Y JTATS TR UG el ux 3renRea 8

2. fraa¥2015-16 4 fraffa v fag smaes siffrrre 1961 @ e 11(2) & sicrfe srarer
TR ST 1969 &Y IRT 11(2) F AT A .1,60,00,000/- Y T Y & AR R frreres & ey,
BIvCe selfe IS o forq foret aef 2015-16 F w7art ferfor o s fearm r=m s <if¥T 6t 31.03.2021 & ugel
TR foRaIT ST 3TUfRTer 81 gretifen, 59 frrarffe fFiftr & & femsdt oft wep R ot forcrer 181 amam am s wifdr &t fg
QT H G fopq 1Ty oY ST ehY ST 21

3.  vrRuRsufer
¥ B9 aTel deepTferes 3R Ueaer e & TR UR JATHTTRATRI

4. TEEN
SRR St 1961 # T SRT & SR T aRufRy uR sreea e faftr o) Jeagm wa faar
TRl

5. WRBRI AT

YRT ARPR, TAH 3R TG0 Frolt FAT B FHRT IR TSR Fauf Rig I 1erT ot dea=
(TATHTH-UTRITSITRE) Y TATIHT, AIRITSET GoihRoT TR 1860 & 3icrid, HalTer & U AR e
& 0 ¥ 31 a9 2019-20 H SR %. 70 G HTH Y 7Y &1 I8 HATRT A Pt .85.25 HRIS Y ST 1Y
gerfelT 1 TR TH e 3R 59 W IffT saror St goit fiftr & e e § aRafia g &, @
FrafaReaarfeerd farmrs:
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TIUIRE W TITU-UTITS 3RS &l ORI P TV R 3 <a & RaRor:

as UTH 3T (5. H) wferd 31 gam (@. )
1998-1999 75000000 75000000
1999-2000 2000000 77000000
2000-2001 77000000
2001-2002 10000000 87000000
2002-2003 20000000 107000000
2003-2004 30000000 137000000
2004-2005 28300000 165300000
2005-2006 165300000
2006-2007 165300000
2007-2008 36700000 202000000
2008-2009 35000000 237000000
2009-2010 70000000 307000000
2010-2011 40000000 347000000
2011-2012 50000000 397000000
2011-2012 15047499 412047499
2012-2013 150000000 562047499
2013-2014 7466375 569513874
2013-2014 80000000 649513874
2014-2015 120000000 769513874
2015-2016 46858799 816372673
2015-2016 91,41,201 825513874
2017-2018 1,00,00,000 83,55,13,874
2018-2019 1,00,00,000 84,55,13,874
2019-2020 70,00,000 85,25,13,874

1. PREH

SRR IR 1961 3 3icia fepefY +fY oRE P AR AT TR T B B BIRUT PN b (1Y PIS TTTeN ST 9Th TSI
AT TT 21 BT, SR UIcet W I8 UTATTRT & ff AT 3 UTT ST Y STt SIaTRY e & il (e aR 2

" . 9. fererfeor T (. H)
1 2015-2016 30565450.00
2 2016-2017 547460.00
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ferefvor anf 2015-16 & forg srdfter SRR Y 78 & foraet frrofer sy oft cifdrer 1 FrerfRor anf 2016-17 & <eer ¥,
fifr 27.11.2018 & SrTer & SR, URT 143 (3) & e, AT TIT b AT ITperT [pT TAT AT SIPY
1T %.547460/- T AT IRART &S 81

e, ST o e & e g T oY e ReT 8, S e firaRor & srgaR 8

. 9. for af IR (@, )
1 2017-2018 121.50
2 2018-2019 6106.00
3 2019-2020 48508.00
4 for. a§ 2017-18 ¥ uger 126.50

oda 54862.00

TR H, T SR AT PR AT T 10T W STe FHTLT PR bl ST LISHAT 2l

1. foraren vyl
ferferer fersherrati < Qe e gty 3t cep SucTeu 18T 21 et b gReApe A d a1 iR R hr gReTpe it &
e 3, Y Reharel & @ & fravor o fFrafie siaRTer uR 9TH HRAT srraegd 71wy 3 it fpharen &
foTT, T o fraRT I ST BRAT ST H TR ST

2. IR
SBUTRTRITSA /30T 311R ST Y 7= 1T 8, STat TRl i vep arei 3 31fren o oy & forg fem mar & sfiR anfr s
TR T8} T T E:
foraRor 3BT i fafdr 31.03.2020 Ft AV (F.)
At T S et 17.07.2003 3,00,000.00
Wit 46,44,409.00
ST Se. B 2,000.00
WSS, wEkTE 18.03.2011 & 18.01.2012 17,42,000.00
farferer sl 31.03.2015 41,055.49
ST PR 2012 63,279.00
e g 21-10-2014 5,00,000.00
TR ¥ et 37, . fefir. 5,725.00

7 it T3t o anferfires weem oY srerAT e & SR WA e & o W forshaTant = 1o e sraer
TR U= 37011 Sfcragarai &1 quf fpar 21
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1. FIIITAG
AIERI Y g frreferaa &, e v a4 31fre o e <781 fepar a2l
fra=or 1 it fefdr 31.03.2020 &t AN (H.)
RO BT Ay 18.09.2012 67,369.00
Rt 7Ty G W 31.03.2018 6525.00
Sfepre Arsfefhe R 31.03.2016 3,810.00

1. ®.11,782/-F) YT ARG SO AR a7 3y oft T 81T 21
2. 3BT

+ ORI T AONTRETHeNTRe! R fed e® $.4750/- 3R WSIHeH/TaoiIgHe!/STEoigael I
%.660/- o SIS T AT fehaT &, et Shigerct R o R TRt o< T =g

+ A IRTIUTE AfRFE Y R 31w 81 TS & S S @ral uR 1T ST oY 1fRT BT ST fepaT
TR ATSTH A ®. 30,37,460.00 Y IR HTITART A+ 3 fe17 (33,00,000-63,37,460 BRY) fAaT TATE,
YT IRE STSITST SivieT o STal Afed<t & W3 33,00,000 BU &, 0 &1 1< 1131 88,86,617.76 Bu 2l
Feh @Y forT af 2019-2020 o 1T i S & =TT ©.1,50,085/- A oo fopam i @ik 9w 1fdr
¥.54,36,532.76 BTSUART 4T i sarer A feparmar 2l

4+ IR A YT Ao AfERAde UTH B WHY, S 3 S @l o ©.36448/- 3R ©.2643/- &7 3ifeT 9w
fRramar 8, Afte g o afa st 1 ufif 78 &1 37 Smen Y uafy iR o afal & swar
[ERICERIEERCINR RN LR R RS I ICERE

+ fafy IR @ ¥, St v dveded & A W B AW ART T { greifn o ki o &
%.5,00,000/- R&TT 77 &l AW & SR Ig <@ 7 § 7R Ry 22.09.2014 #r &<t fear @
®.11,46,283/- T T fereT aepraT &, foreaenT aref & foh a8 e 6 anf A g B

Rifr 31.03.2020 & TR, ST Y 1Y =g RrerR 7E 8¢ =l @7 foremor ey & :

B, reror Sreiie | ferts g . ifer
1. R YNOT G . (fiferaT e 841167 500.00
o R NI G . (fFfereT o) 841168 500.00
fis g1t ¥ &. (FfraT grem) 473535 500.00
et 1500.00
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fifer 31.03.2020 & 3rgaR, ST g 17 oRq IRl T8 gY =i T fremor frer &

AT : STTererR Rady
fafér: 06.11.2020

YR
UDIN: 20017902AAAACE5985

fafer IR (%) Erg
30.03.2020 25419.00 garas
el 25419.00
&. W TS . &7
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Executive Summary

Sardar Swaran Singh National Institute of Bio-Energy (SSS-NIBE), Kapurthala is an autonomous
Institution under the Ministry of New and Renewable Energy (MNRE), Govt. of India, set up as an apex
Institution for carrying out state-of-the-art research and developmental activities, biomass resource
assessment, testing, validation and training for the promotion of bioenergy in the country. During the year
2019-20, R&D activities were taken up in the frontier areas including bioethanol and biogas production from
Agro-residue, biomass cook stove performance testing and certification, biomass assessment and
characterization, gasification, and green diesel production. The research carried out was published in reputed
journals in the frontier bioenergy area.

The Institute took a leading role in preparing all technical documents related to bioenergy as entrusted by
MNRE time to time. The Institute participated in all technical programs and meetings of the Ministry of New
and Renewable Energy, particularly related to bioenergy sector, for discussion on R&D, strategy and policy,
progress and dissemination of knowledge and technology in the area.

The Institute received Rs. 0.70 Crore grant-in-aid from MNRE during the FY 2019-20. However, an
expenditure of Rs. 1.52 Crores have been spent which includes interest accrued from the corpus funds as well.
Routine maintenance of the Institute along with 75 acres of land covering the green landscape and beautiful
campus was done with the available resources so as to move towards the future plan to develop the Institute as a
Global Centre of Excellence in Bioenergy. The Institute observed all routine celebrations as instructed by the
Government of India from time to time. The Institute has successfully implemented e-office for all approval
related activities and day to day office works.

MNRE is implementing various programs for promotion of bioenergy for various applications in the
country. These programs are based on biogas generation, biomass gasification, and biomass cookstoves. SSS-
NIBE plays a key role in biomass resource assessment, Compressed Bio Gas, MSW to Power generation,
Biomass testing and standardization and training for skill development in the bioenergy sector. The institute
also initiated the process for Masters in Technology Program in Renewable Energy in joint collaboration with
National Institute of Technology, Jalandhar during FY 2019-20.

At SSS-NIBE, the biomass cook stove and biofuel testing and characterization laboratory have been well
set up that requires further upgradation for NABL accreditation. However, in biogas area appropriate facility
for testing and validation of biogas plants, purification systems and other components used in biogas projects
arerequired to be created at par with other leading European Nations.

In spite of limited resources, the Institute has landmarked its fame in the international arena with the
publication and scientific research and review. MNRE and the Institute have taken up recruitment of Director
General (regular) and 11 scientific positions in the first phase on top priority. The process got delayed due to
Covid-19 pandemic but s likely to be completed within the 4" quarter 0f2020-21.
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Institute Growth in last 5 Years: At A Glance
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1. INTRODUCTION

Sardar Swaran Singh National Institute of Bio-Energy (SSS-NIBE), Kapurthala is an autonomous
Institution of the Ministry of New and Renewable Energy (MNRE), Govt. of India, created for carrying out
R&D, testing, evaluation, and training in bioenergy. The Institute has 75 acres of land with unique solar
passive structure office buildings at the 12" KM Stone, Jalandhar-Kapurthala national highway with
plentiful research infrastructure and an eco-friendly research environment. The Institute has 26 nos. of
sanctioned posts, out of which at present 8§ posts are only occupied. The recruitment of Director General
(regular) and 11 scientific positions are under process.

The institute's Governing Council under the Chairmanship of the Secretary, MNRE comprises of
diverse eminent personalities and experts in the field of Bioenergy. The Council is authorized to review the
progress and suggests steps for utilizing the Institute for the promotion of bioenergy in the country. The
Council has the vision to develop SSS-NIBE as a Global Center of Excellence in Bioenergy.

The Institute has created five research divisions casing all aspects of Bioenergy research including
biofuel. The broad spectrum of bioenergy covers biomass resource assessment & management, biomass
characterization, biomass conversion technologies (gasification, combustion, pyrolysis), solid
waste/solid-state bio-methanation, biohydrogen production, Compressed Bio Gas, MSW to Power
generation, Biomass testing and standardization and training for skill development in the bioenergy sector.

The Institute functions with limited scientific manpower, supported by limited supporting staff.
However, the Institute has landmarked its fame in the international arena with publication and scientific
research and review. Several vital R&D and testing facilities are required to be created at the Institute for
strengthening the R&D activities, technology demonstration, and validation activities in bioenergy.
Dedicated equipment facility, technical, and support manpower will also be required for handling these
vital types of equipment for efficient and safe operation.

2. VISION, MISSION AND OBJECTIVES
VISION
To become an apex Institution for carrying out state-of-the-art research and developmental activities in
the area of bioenergy.
MISSION
To be knowledge-based R&D Institution of high quality and dedication.
To impart the training to professionals of bioenergy sector
To provide the services and optimum solutions for the major stakeholders across the entire spectrum of
the bioenergy sector.
To support bioenergy sector in developing the knowledge for promoting new technologies.
To develop Human Resources for the bioenergy sector at all levels.
OBJECTIVES
To establish “Sardar Swaran Singh National Institute of Bio-Energy”as an apex R&D institution
responsible for conducting state-of-the-art research and development activities in all the areas relating to
non-conventional / bio-energy sources, including human resources development at all levels, post-
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doctoral research and research leading to commercialization of bio-energy technologies and the activities
entailing:

i
i
iii
iv
%

Vi
vii
viii
X
X1

Xii

xiii

Xiv

XV

Xvi

Resources Surveys and Assessment of Potential

Technology Assessment

In-house R&D in all emerging Bio-Energy areas

Sub-contracting of R&D activities

Joint technical programmes with other national institutions and testing centres

Setting up of specialized centres at SSS-NIBE and in different parts of the country for specific Bio-
Energy areas

Testing and certification of devices and systems

Techno-economic evaluation of Bio-Energy equipment and systems

Creating database for Bio-Energy including information on patents

Compiling and dissemination of information on resources, technologies, products and applications
Providing technical support to industry on new product design and development, and upgradation of
product and manufacturing process

Organizing training programs, seminars and workshops

Cooperation with scientific and technical institutions abroad under bilateral and multilateral
agreements

Study of the economics of Bio-Energy technologies and their environmental impact

Assistance in curriculum development in Bio-Energy and undertaking concrete programmes for
human resource development

Consultancy and advisory services in the Renewable Energy sector with specialization in Bioenergy.

xvii Providing technical support to MNRE and IREDA in policy, planning implementation

To promote and develop requisite expertise and capabilities in regard to such technologies and

applications, as may be deemed appropriate, improve applied R&D skills in the fields related thereto, and
to provide, organize, manage scientific, technical, engineering, management and other related assistance
in promotion, development, demonstration, dissemination and adoption of appropriate environmental
friendly technologies.

To provide various services including:

i
ii

il

iv

vi

vii

Planning, formulation, appraisal and monitoring

Assessment, evaluation, implementation and management

Development of projects, products, technology, management, reliability, maintenance, testing,
design and other scientific technical and engineering inputs

Management service, training, information, market development, etc.

Organization of training, study tours, seminars, workshops, etc.

Applied research & Development.

Technical, scientific, managerial and engineering consultancy services.

33
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3. ORGANIZATION CHART

Governing Council
.—..{ Finance Committes
L |
Durector General
L J . 4 l
Scientific Division Techmecal Division Agdmiresiratree Division
k4
Biomass & Energy Managemant | Biomass Characlenzahon
Thermochamical Comversion | Gasifier and Cookistove Testing
Biochemical Corversion | Buoethanol, blogas, biohydrogen,
brobutanol and algal blomass
Chemical Conversion Biodesal, green diesel, angins lesting,
catalytic conversion
Electrochamical Processes | Fual call, microbdal fusl call

4. RESEARCH DIVISIONS AND LABORATORY SETUP

There are total five R&D divisions as given below:
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The R&D laboratories of the Institute and facilities are subdivided under the following headings as per
application point of view.

i R&D Block-I (Chemical and Electrochemical Conversion Laboratory, viz. Biodiesel, Hydro
processing, Catalysis and Fuel Cell).

it~ R&D Block-II (Biochemical Conversion Laboratory viz. Bioethanol, Biobutanol, Biogas,
Biohydrogen, Algal biomass, Metabolic Engineering).

iii  R&D Block-III (Thermochemical Conversion Laboratory, viz. Biomass Characterization,
Gasification, Pyrolysis, Cookstoves, New and Hybrid Energy Systems).

iv. Common Facility Building (Computer Lab, Library, Conference Hall and Canteen).
v Workshop (Common Workshop Machines & Tools and Test Engines).

vi  Gasifier shed (Biomass Gasification and Testing Facilities).

CHARTER

With a view to manage, administer, direct, and control the affairs of SSS-NIBE, an environment and culture
conducive to the achievement of excellence, will be created by ensuring;:

i Commitment to the mission: sense of purpose and direction to policies, programs & activities to
achieve the aims and objectives;

ii  Commitment of staff members: liberal, positive and people-sensitive personnel policies, training and
management development with special reference to advance technologies equipment and result
orientation;

iii Commitment to excellence: professional competence, encouragement to creativity, innovation,
initiative, and career development; and

iv  Commitment to society: application of state-of-the-art research and development to national/social
priorities.
LABORATORY DEVELOPMENT- FACILITY CREATED

The state-of-the-art research facility is being developed for biodiesel, bioethanol, gasification, biogas,
cookstoves research & testing, and for other areas in bioenergy. The consumables including chemicals,
glassware, and plastic wares have also been procured for experimental work in the laboratories.

Chemical Conversion

The equipment facilities available under this division include a Gas Chromatograph dedicated to
biodiesel analysis viz. % Fatty acid methyl ester conversion, monoglyceride, diglyceride, free glycerol
content in biodiesel, and hydrocarbons up to the boiling range 3800C, Rams bottom Carbon Residue,
Oxidation Stability Apparatus, High-Pressure High-Temperature Reactor, True Boiling Point Distillation
Apparatus, Automatic Density Meter, Flashpoint apparatus(automatic open cup), Radleys Reactor, Rotary
Vacuum Evaporator, Computerized Diesel Engine Test Rig and Exhaust gas analyzer, FTIR, low-
temperature autoclave, Irox diesel, etc.

Biochemical Conversion

The biochemical Conversion Division has been established in R&D-II with the facilities of Analytical,
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Bioprocess, Microbiology, and Molecular Biology Laboratories. The analytical laboratory contains
equipment such as HPLC, Gas Chromatography, UV-vis spectrophotometer, and Fibertech, FPLC,
Bioprocess laboratory has the equipment such as Bioreactor (3.0 & 7.5 L), Refrigerated Centrifuge, Water
Purification System, Lyopholizer, Micro-disintegrator, Water Bath, Autoclaves, etc. Microbiology
laboratory has the equipment such as Environmental Shaker, Microscope with a camera, Incubator, CO2
Incubator-cum-shaker, BOD Incubator, Hot Air Oven, Horizontal Laminar Flow, Automatic Colony
Counter, Deep Freezer, Refrigerators, and Molecular Biology laboratory contains the equipment such as
Gradient PCR, Real-Time PCR, Bio photometer, SDS-PAGE, 2-D gel Electrophoresis, Horizontal Gel
Electrophoresis, Gel Documentation, and Electroporation Unit.

Different views of Biochemical Conversion Laboratory

Thermo chemical Conversion

The basic testing facilities for biomass characterization, biomass gasification, and Cookstove testing,
etc, have been created for thermochemical conversion of biomass including gasification, combustion, etc.
and some of the important equipment like Differential Scanning Calorimeter, Online Gas Analyzer, Stack
Monitoring System (for SPM measurement) and Testing Hood for biomass Cookstove, pots of different
size and dimensions, besides, few important instruments such as CHNS analyzer, TG-DTA, etc. were
procured and installed in the biomass characterization laboratory.
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Division-wise progress
6.1 Biomassand Energy Management Division
A new project proposal has been formulated under this division for gasification of Municipal Solid waste
and power generation up to 100kW as per the requirement of the Institute with technical collaboration and
equipment from M/s Ankur Biomass Pvt Ltd. The project has been submitted to DST under the technology
demonstration program for financial support.
6.2  Biochemical Conversion Division
6.2.1 Biorefining of sugarcane bagasse for production of bioethanol and value-added products

A project entitled 'Biorefining of sugarcane bagasse for the production of bioethanol and value-
added products' under Indo-Brazil bilateral collaboration with [IFSC/USP, Brazil, and GNDU, Amritsar,
funded by the Department of Biotechnology (DBT), Ministry of Science and Technology is going on since
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May 2016. The project cost from the Indian side is INR 129.264 Lakh. The project end date was Apr 2020
but an extension of six months is requested i.e. up to Oct 2020. The progress of the project is as follows:

Studies were conducted to analyze the performance of different enzymes using optimized
hydrothermal and alkaline hydrogen peroxidepretreated SCB. The saccharification was done using Cellic”
Ctec2 and Cellic”Htech provided by Novozyme at high solid loading of 10% and enzyme concentration of
50 mg/g and 10mg/g of dry biomass respectively. CMIIT and GNDU cocktails provided by Dr. B.S.
Chadada, GNDU, were also carried and results indicated that the CMIIT (45.5 g/L and 82.73 g/L total
reducing sugar conc respectively on hydrothermal and alkaline hydrogen peroxidepretreated SCB) is
comparable in performance with industrial enzyme Cellic*Htech (45.33 g/L and 81.826 g/L total reducing
sugar concentration, respectively on hydrothermal and alkaline hydrogen peroxidepretreated SCB). While
the hydrolysis using GNDU cocktail was not that significant which showed only 12.622 g/L and 27.82 g/L
total reducing sugar concentration, respectively, on hydrothermal and alkaline hydrogen peroxidepre-
treated SCB. The reducing sugar analysis was done using DNS method. While in another study, the
optimized alkaline hydrogen peroxide pretreated SCB was enzymatically hydrolyzed using Cellic” CTech2
with a conc of 50 mg/g dB, SL% as 10, for 72 h, at 50°C, 120 rpm in an incubator shaker. Equal volume of
hydrolyzate and 2X fermentation media was added to make up the volume as 20 mL. The cells were grown,
washed and added at a cell concentration of 3 g/L. The fermentation was carried out at 45 °C for 16 h will an
initial sugar concentration of 40.826 g/L, which resulted in 191.06 g bioethanol per kg of dry biomass
corresponding to ethanol concentration of 15.015 g/Lusing K. Marxianus NIRE K3.2.

100 pm

Confocal Laser Scanning Microscopy (CLSM) images of
(a) untreated SCB;
(b) optimized pretreated SCB;

(c) residual biomass after enzymatic hydrolysis

38
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(a) "C CPMAS-TOSS NMR spectra obtained for the raw and optimized pretreated SCB samples,
normalized the signal C1 carbon of cellulose at 105 ppm (line 10); (b) optimized pretreated SCB and
residual biomass after enzymatic hydrolysis, normalized by lignin signal at 56.2 ppm (line 2)

Untreated, hydrothermally pretreated, saccharified and fermented sugarcane bagasse (SCB) were
analyzed for morphological changes using biophysical techniques such as scanning electron microscopy
(SEM), FLIM-confocal microscopy, XRD (crystallography) and NMR at IFSC, USP, Brazil. Biomass
treated with hydrothermal pretreatment under optimum conditions (15% solid loading and 163 °C
temperature) significant spectral modifications, and emitted yellow to red colour as compared to bluish-
green colour of raw sample. Further, some fibers from residual biomass sample after enzymatic hydrolysis
and SSCF with Kluyveromycesmarxianus FKSA.1 and K. marxianus NIRE-K3.2 emitted yellow color
(along with small red emissions) spectrum due to the aggregated lignin molecule after enzymatic digestion
of major part of cellulose and hemicellulose. Significant differences existed between untreated, pretreated
and saccharified biomass samples due to removal of hemicellulose and lignin during FESEM analysis. For
the raw SCB, a complete, smooth, compact and uniform lignocellulosic structure is clearly observed at both
5,000 and 10,000 X magnifications that are common for SCB. Hydrothermal pretreated biomass under
optimum conditions (15% solid loading and 163 °C temperature) showedirregular and disorganized cell
wall structure as compared to raw sample. Exposed surface area with coarse, loose and disordered cellulose
fibers is more accessible for enzymes for efficient saccharification. Both 5 K and 10 K x SEM images of
saccharified biomass provided information regarding extensive damage and disintegration of cell wall via
more disrupting, loosened and detached irregular fibril network enlightening significant carbohydrates
degradation during hydrolysis. In images of residual biomass after SSF with FKSA.1 and NIRE-K3.2, there
is more disruption of cell wall, indicated by more loose, irregular fibril network in the images, thus it reveals
about degradation of cellulose and hemicellulose in biomass during enzymatic hydrolysis and
fermentation.




(a)

{b)
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Field Emission Scanning Electron Microscope (FESEM)images of (a), (b) untreated SCB; (c), (d)
optimally pretreated SCB; (e), (f) residual biomass after enzymatic hydrolysis

Further, for developing process for simultaneous isomerization, saccharification and fermentation
(SISF), glucose syrup was treated with immobilized glucose isomerase (GI) enzyme GENSWEET® IGI-
SA(E.C.5.3.1.5., D-xylose ketolisomerase) to isomerize into its isomeric form fructose as an requisite step.
Batch study was conducted using 10% (w/v) of glucose syrup in 50 ml of reaction mixture (pH 7.5)
containing 0.1 g of GI along with magnesium sulphate (MgSO,.7H,0) and sodium meta bisulphate
(Na,S,0,) yielding approximately 36 ppm Mg’+ and 110 ppm SO,, respectively as co-activators, and
incubating at 60 °C at 150 rpm for 1-24 h. However, no glucose isomerization has been detected in reaction
mixture during retention time. Further, study is required for significant results.

Alkali extracted lignin (AEL) (13.73 g/kg raw bagasse) from pretreated hydrolysate of optimized
pretreated bagasse with liquid ammonia (250 g SCB pretreated with 2.5 L of 15% (v/v) liquid ammonia at
10.51% (w/v) solid loading at 85 °C for 24 h) was further treated by two-steps depolymerization. 10 g of
AEL was treated with 5 U of laccase enzyme (Sigma-Aldrich) using 10 ml sodium citrate buffer (pH 5.0)
and 10 ml ethanol as co-solvent (1:1) in a 100 ml capped flask with working volume of 20 ml at 30 °C, 200
rpm for 2 h in an environmental shaker. After enzymatic oxidation reaction mixture was subjected to
hydrothermal catalytic oxidation by adding 2.4 g NaOH, 0.08 g CuO and 2 m1 H,0, at 121 °C and pressure of
15 psi for 2 h in a stainless-steel autoclave. Products of lignin valorization were analyzed by high
performance liquid chromatography using C18 column, acetonitrile-water (70:30) (1.5% acetic acid) as
solvent at 30 °C column temperature, 1 ml/min flow rate and DAD detector at 254 and 280 nm UV
wavelength. No significant conversion of lignin was found with enzymatic oxidation with subsequent
hydrothermal catalytic oxidation under the selected conditions, further studied is going on the process.
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6.2.2 Biorefinery approach for generation of platform chemicals and bioethanol from indigenous
lignocellulosic agrowaste bioresources

A project entitled 'Biorefinery approach for generation of platform chemicals and bioethanol from
indigenous lignocellulosic agrowaste bioresources' has been sanctioned by DBT vide letter no.
BCIL/NER-BPMC/2017/164 dated 14.03.2017 through the sanction (BT/PR16008/NER/95/47/2015
Dated. 13.02.2017) in collaboration with Tezpur University, Assam. The project cost is INR 69.60 Lakh.
The project was taken up during October 2017 and a research fellow was recruited under the project during
January 2017. The project end date was March 2020 but an extension of one year is requested i.e. upto
March 2021. The progress of the project is as follows:

Kans grass was characterized with raw biomass (7-10) % Moisture, (93-90) % solid content, (94.8)
% volatile solid and (5.2) % ash content. Kans grass was pretreated with different chemicals alkali (NaOH)
and Acid (H,SO,). The NaOH pretreatment optimization was done by response surface methodology using
Design Expert version 8.07.1. The software indicated a set of 30 experiments with combination of four
variables; chemical concentration, time, temperature and solid loading. Optimized NaOH pretreatment
conditions found out with the help of design expert software i.e. response surface methodology (RSM)
were; Chemical concentration (%) 1, solid loading (%) 5, Temperature (°C) 100 and time (min) 30. The
observed value of total reducing sugar concentration (g/1) was found to be 50.75 g/l whereas predicted value
was 55.33 g/l

The kans grass was pretreated with sulphuric acid (H,SO,). RSM software indicated a set of 20
experiments with variable combination of the three different parameters conditions: chemical
concentration (%), solid loading (%) and Time (min). Optimized H,SO, pretreatment conditions found out
were; chemical concentration (%) 1.97, solid loading (%) 6.18, and time (min) 46. The total sugar recovery
on dry raw biomass basis under optimum conditions was found out to be 63% (w/w), whereas predicted
value was 60 % (wW/w).

6.3 Chemical Conversion Division

Several in-house R&D projects are in progress under this division through PhD students registered at Dr B
R Ambedkar, NIT, Jalandhar. During this period 2019-20, our primary focus was on synthesis of a new
catalyst material from waste biomass available in the region for producing value-added fuels and
chemicals. Corn cob, grass etc. were used for preparing the activated and functionalized carbon catalyst,
which have shown significant catalytic activity for ketalization reaction. The results have been documented
for publications in reputed journals. The Division published a review article on the topic of Valorization of
crude glycerol to value-added products: Perspectives of process technology, economics and environmental
issues as summarized. The enormous production of glycerol, a waste stream from biodiesel industries, as a
low-value product has been causing a threat to both the environment and the economy. Therefore, it needs to
be transformed effectively and efficiently into valued products for contributing positively towards the
biodiesel economy. It can either be converted directly into competent chemicals or can be used as a
feedstock/precursor for deriving valuable derivatives. In this review article, a technical evaluation has been
stirred up, various factors and technologies used for producing value-added products from crude glycerol,
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Environmental and economic aspects of different conversion routes, cost factors and challenges of
integration of the different routes for biorefinery have been reviewed and elaborated. There are tremendous
environmental benefits in the conversion of crude glycerol via the biochemical route, the product and
residue become eco-friendly. However, chemical conversions are faster processes, and economically viable
ifenvironmental aspects are partially ignored.

6.3.1 Green diesel as fuels for CI engine

Besides being explored the biodiesel and green diesel as fuels for CI engine the institute came across recent
developments of using vegetable oil-based hybrid microemulsion biofuels as a very nontechnical products
for IC engine operations. An article as briefed under from the recent literature reveals the fact that in recent
years the detrimental environmental impacts and concerns of emissions from ever-increasing locomotives
have motivated the scientific community to search for alternative fuels based on renewable lipids, such as
microemulsion based hybrid biofuels (MHBF). Emulsification or hybrid fuel preparation process is one of
the simplest among the other biofuel production processes that do not require any chemical reaction or
complex chemical handling process. This article specifically reviewed various routes for the preparation of
MHBF from renewable lipid (oil) sources. In other words, the exploration of the utility of vegetable oil for
MHBF formulation, physicochemical properties, comparison with biodiesel, biodiesel blends and
petrodiesel, phase stability and performance analysis of CI engine are the targeted focus of the article. This
study has also focused on the effects of various fuel components viz. surfactants, co-surfactants, etc., upon
the physicochemical characteristics of MHBF. The microexplosion phenomenon that describes the actual
combustion has been illustrated. The stability assurance of MHBEF is directly influenced by the hydrophilic-
lipophilic balance (HLB) value. The engineper -formance parameters viz., brake specific fuel consumption,
mechanical, volumetric and overall efficiency have been reviewed and found that these values are
comparable to the biodiesel blends with petrodiesel and pure petrodiesel. Emissions reported by the various
researcher, however, have a positive attribute with respect to SOx, CO and NOx which are always lowest,
while using MHBF in comparison to biodiesel and petro diesel, in contrast to large emissions of thermal
NOx in biodiesel. Unburnt hydrocarbon (UHC) is however in the higher side than biodiesel blends and
petro diesel which is manageable with increasing load. It can be ascertained from the review that MHBF can
eventually replace the other renewable liquid fuel formulation in due course of time for CI engine in agro-
farming machinery or even in heavy-duty vehicles attributed to the simplicity of preparation process.

Out of several published works one of the novel process studied by the Institute is vegetable oil based
microemulsion biofuels using cetane improver and its practical application in IC engine, for the first time.
The summary of the works is as described under, which is under review stage of a very reputed journal of
energy. This experimental investigation focuses upon the effects of used cooking oil (UCO) -based hybrid
microemulsion biofuel (UCOMHBEF), added with 2-Ethylhexyl nitrate (2-EHN) (cetane enhancer) upon
performance, combustion and emission characteristics of a 4-stroke single cylinder CI engine. 2-EHN was
added in UCOMHBF (UCO (55%) (vol.%), anhydrous ethanol (E) (28%) (viscosity modifier) (vol.%) and
2-butanol (B) (17%) (surfactant) in the proportion of 500 (UCOMHBF500), 1000 (UCOMHBF1000) and
2000 (UCOMHBEF2000) ppm, respectively. The addition of 2-EHN resulted in no effect upon the physical
properties of UCOMHBE, but, the cetane index (chemical properties) enhanced expectedly. The brake
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thermal efficiency (BTE) of CI engine increased significantly with up to 1000 ppm addition of 2-EHN, w.r.t.
UCOMHBEF, and used cooking oil-based biodiesel (B100). The brake specific fuel consumption (BSFC) of
UCOMHBEF was lower with the addition up to 1000 ppm of 2-EHN but, higher for the 2000 ppm addition of
2-EHN as compared to UCOMHBEF alone, and B100. Combustion characteristics such as peak cylinder
pressure (CP), net heat release rate (NHRR), rate of pressure rise (ROPR), and mass fraction fuel burned
(MFFB) also showed favorable results up to 1000 ppm addition of 2-EHN in UCOMHBEF. Higher addition
(2000 ppm) of 2-EHN in UCOMHBF showed uncontrolled flame propagation at the end of the compression
stroke and hence inefficient burning resulted in incomplete combustion during the power stroke. Emission
characteristics such as carbon monoxide (CO), unburned hydrocarbon (UHC), carbon dioxide (CO2), and
oxides of nitrogen (NOx) showed superior results with UCOMHBF500 and UCOMHBF1000 w.r.t.
UCOMHBEF. The addition of 2-EHN in UCOMHBF also lowers the mean of nitrogen (NOx) in the range of
2.06t0 33.33% w.r.to petro diesel.

6.4 Thermo Chemical Division

The Institute has developed the biomass cookstove testing laboratory as per revised BIS@2013 and testing
of commercial cookstove is ongoing as per request from different commercial entity. Biomass cookstove
testing centre is well equipped and is having modern equipments for testing of different and important
parameters such as CH4, NO, SO2, CO, CO2, O2, particulate matter, temperature, etc. The facility consists
of high capacity cookstove hood, Multi component gas analyser unit, Bomb calorimeter, SMS-4 particulate
matter sampler, Microbalance, etc. The testing of Biomass Cookstove is carried out as per BIS Standards.

During FY 2019-20, research on improved biomass cookstove was carried to improve the performance of
in-house developed biomass cookstoves. In the research work, an improved biomass cookstove (IBC) was
designed and tested out by using woody fuel to reduce carbon emissions with higher efficiency. The
performance of IBC was evaluated in terms of energy efficiency, power output and emission reduction
potential. For the experimentation, two different designs of IBC were taken with varying insulation
material in between. The first design included Plaster of Paris (POP) as insulating material, while the other
has glass wool as insulating material. The results showed that the IBC with glass wool insulating material
exhibits higher thermal efficiency (32.66%) with lesser CO level (29.36 ppm), and PM 10 emissions (3.64
mg) as compared to IBC with POP. The maximum power output of 7.3 W was obtained for glass wool based
IBC. The experimental results of IBC were compared with the results of traditional cookstove available in
the literature. In the end it was concluded that the designed IBC has performed better in terms of efficiency
and emissions. An article based on the research work was presented in International Conference on
Advances in Energy Research, held in IIT Bombay during December 2019.

. RESEARCHAND DEVELOPMENT (R&D) PROJECTS/RESEARCHACTIVITIES

SSS-NIBE can play a key role in field evaluation and testing and standardization of biomass energy
systems. These programmes are based on biogas generation, biomass gasification, biomass cook stoves,
etc. Biogas technology is emerging as key resource for supplying fuel for cooking, power generation and
bio-CNG applications. A number of technology demonstration projects have been taken up by MNRE for
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biogas purification and bottling. Technology evaluation and validation has tremendous potential for
technology development, development of technology package and standardization for biogas generation
from different feedstock for various applications. These efforts will transform biogas as industry, which
will help commercialization of biogas technologies/systems. This will require extensive studies on design
and development of biogas plants.A tentative amount of 5 Crores may be allocated for setting up biogas
testing standardization, cleaning, bottling and engine application lab for standard setting.

Ongoing Projects

4 Biorefinery approach for generation of platform chemicals and bioethanol from indigenous
lignocellulosic agro-waste bioresources. PI: Dr. Sachin Kumar; Date of Start: Mar 2017; Duration: 3
years; Funded by DBT in collaboration with Tezpur University, Assam; Project cost: 69.60 Lakhs;
Date of completion: Feb 2020 (requested for extension of 1 year)

4 Biorefining of sugarcane bagasse for production of bioethanol and value-added products (Indo-
Brazil, Indian Partner: GNDU). PI: Dr. Sachin Kumar; Date of start: May 2016; Funded by DBT
under Indo-Brazil bilateral collaboration with IFSC/USP, Brazil; Project cost: INR 129.264 Lakhs;
Date of completion: Apr2020. (requested for extension of 6 months)

Projects submitted

4 “Life cycle assessment and techno-economic analysis of second-generation bio-fuel production from
biomass waste: A case study of Indian state of Punjab” to Nan Yang Academy of Sciences, Singapore -
8.21 Lakhs (PI Dr AK Sarma).

4  “Design and development of a lab scale solar reactor for biomass torrefaction under high
concentration” submitted to MNRE, India; Project cost: Rs 174.66 Lakhs: Duration: 3 years (PI: Dr.
Nikhil Gakkhar)

4+ “Utilization of Innovative Technology for converting Municipal Solid Waste to Energy” submitted to
DST, India; Project cost INR 356 Lakhs; Duration: 3 years (PI: Dr. Anil K Sarma, Co-PI: Dr. Nikhil
Gakkhar)

4+ “Techno-economic study and life cycle assessment for co-digestion of agricultural waste with kitchen
waste” Submitted through Indo-Hungarian Inter-Governmental Science & Technology Cooperation
Programme under DST India. Project cost: INR 50.14 Lakhs; Duration: 3 years (PI: Dr. Sachin
Kumar, Co-PI: Dr. Nikhil Gakkhar)

4 "Sustainable valorization of agricultural residual biomass through BioCNG, Biomaterials and Single
Cell Protein production”. Submitted to Department of Biotechnology, Ministry of Science &
Technology, Government of India under 2019 Indo -Danish research and innovation cooperation in
the areas of “Bioresources and Secondary Agriculture”. Project cost Indian side: INR 296.85 Lakhs;
Industry contribution: 20.00 Lakhs; Duration: 3 years (PI: Dr. Sachin Kumar).

Research Papers

1. GabhaneJ, Kumar S and Sarma AK (2020) Effect of glycerol thermal and hydrothermal pretreatments
on lignin degradation and enzymatic hydrolysis in paddy straw. Renewable Energy, 154, 1304-1313.
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(IF:5.439)

Chandel AK., Garlapati VK, Jeevan Kumar SP, Hans M, Singh AK and Kumar S (2020) The role of
renewable chemicals and biofuels in building a bioeconomy. Biofuels, Bioproducts & Biorefining.
DOI: 10.1002/bbb.2104 (IF: 4.224)

Gabhane J, Bhange VP, Patil PD, Bankar ST, Kumar S (2020) Recent trends in biochar production
methods and its application as a soil health conditioner : a review. SN Applied Science, 2, 1307.
https://doi.org/10.1007/s42452-020-3121-5

Arora R, Behera S, Sharma NK and Kumar S (2019) Evaluating the pathway for co-fermentation of
glucose and xylose for enhanced bioethanol production using flux balance analysis. Biotechnology
and Bioprocess Engineering, 24,924-933. (IF: 1.438)

D Singh, A Deep, SS Sandhu, AK Sarma (2019) Experimental Assessment of Combustion,
Performance and Emission Characteristics of a CI Engine Fueled with Biodiesel and Hybrid Fuel
Derived from Waste Cooking Oil. Environmental Progress & Sustainable Energy.

D Singh, SS Sandhu, AK Sarma (2019) A comprehensive study for setting up mini biorefinery pilot
plant for biodiesel, hybrid fuel, and hydroprocessed fuels derived from waste cooking oil. Energy
Sources, Part A: Recovery, Utilization, and Environmental Effects, 1-14.

H Kumar, AK Sarma, P Kumar (2019) A novel approach to study the effect of cetane improver on

performance, combustion and emission characteristics of a CI engine fuelled with E20
(diesel-bioethanol) blend. Sustainable Chemistry and Pharmacy 14, 100185

Deepak Singh, SS Sandhu, A K Sarma (2019) A comprehensive experimental investigation of green
diesel as a fuel for CI engines. International Journal of Green Energy, Volume 16 Issue 14 16 (14),
1152-1164

H Kumar, AK Sarma, P Kumar, (2020) A comprehensive review on preparation, characterization, and
combustion characteristics of microemulsion based hybrid biofuels. Renewable and Sustainable
Energy Reviews 117, 109498.

Nikhil Gakkhar, Manoj Kumar Soni, Sanjeev Jakhar, Experimental and theoretical analysis of hybrid
concentrated photovoltaic/thermal system using parabolic trough collector, Applied Thermal
Engineering, Volume 171, 2020, 115069, ISSN 1359-4311,
https://doi.org/10.1016/j.applthermaleng.2020.115069.

Book Chapter

1.

Lugani Y, Sooch BS, Dheeran V, Kumar S (2020) Microbial Production of Xylitol: A Cost-Effective
Approach. In: Thatoi H, Mohapatra PKD, Mohapatra S, Mondal KC (Eds.) Microbial Fermentation
and Enzyme Technology. CRC Press, Boca Raton, pp. 227-256.

Behera S, Koushalya S, Kumar S, Jafar Ali BM, (2019) Potential and Prospects of Biobutanol
Production from Agricultural Residues. In: Singh LK,Chaudary G (Eds.) Advances in Biofeedstocks
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and Biofuels, Volume 3: Liquid Biofuel Production, Scrivener Publishing LLC, Beverly, USA, pp.
285-318.

3. Nikhil Gakkhar, Manoj Kumar Soni and Sanjeev Jakhar, Solar Energy Technologies and Water
Potential for Distillation: A Pre-Feasibility Investigation for Rajasthan, India, Book Chapter in
Progress in Solar Energy Technology and Applications, edited by Umakanta Sahoo, Wiley US: 39-82
https://doi.org/10.1002/9781119555650.ch2

Presentations in conferences

1. HansM, Garg S, Kumar S, Enhanced Bioethanol Production from Sugarcane Bagasse by SSCF Using
Pentose Utilizing Thermotolerant Yeast Strain. CHEMCON- 2019, Dec 16-19, 2019 at IIT Delhi,
India.

2. Garg S, Hans M, Kumar S, Bioethanol production from sugarcane bagasse using developed
thermotolerant yeast for enhanced xylose utilization. AMI-2019 Annual Conference and International
Symposium on “Microbial Technologies in Sustainable Development of Energy, Environment,
Agriculture and Health” held at Central University of Haryana, India during Nov 15-18,2019.

3. Hans M, Garg S, Kumar S, Polikarpov I, Bioprocessing of Sugarcane Bagasse for Bioethanol
Production via SSCF using Thermotolerant Yeast Kluyveromycesmarxianus NIRE-K3.2. National
Conference, Innovations in Bioprocess Technology (IBT-2019) held at CIAB, Mohali, India during
Dec 11-13,2019.

4. Nikhil Gakkhar, Manoj Kumar Soni, Sanjeev Jakhar, Second Law Analysis of an Integrated Parabolic
Trough Photovoltaic Thermal System, In Proc 2nd International Conference on Mechanical Materials
and Renewable Energy (ICMMRE 2019), Sikkim, India.

5. Sandip Bhatta, Dhananjay Pratap, Nikhil Gakkhar and J.P.S Rajput, A comparative experimental
investigation of improved biomass cookstoves for higher efficiency with lower emissions, In
Proceedings of the 7th International Conference on Advances in Energy Research, IIT Bombay, 2019.

Guest/Invited Lecture

1. Dr Sachin Kumar delivered a lecture on 'Bioprocessing of lignocellulosic biomass to biofuels' at Dr.
BR Ambedkar National Institute of Technology, Jalandhar on Feb 23, 2020 TQIP-III sponsored Short
Term Course " Emerging Technologies for Next-Generation Bio-fuels and Bio-products (ETNGBB-
2020)” conducted during Feb 21-25,2020.

2. Dr Sachin Kumar deliveredan invited talk at National Conference, Innovations in Bioprocess
Technology (IBT-2019) held at CIAB, Mohali, India during Dec 11-13,2019.

3. Dr Sachin Kumar deliveredan invited talk at AMI-2019 Annual Conference and International
Symposium on “Microbial Technologies in Sustainable Development of Energy, Environment,
Agriculture and Health” held at Central University of Haryana, India during Nov 15-18,2019.

4. DrAK Sarma Delivered lectures as resource person in the training program on Biomass to energy and
other value-added products, under CRDT, II'T Delhi.
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5. Dr A K Sarma Delivered lecture as invited speaker in the National Conference, Innovations in
Bioprocess Technology, which was held at CIAB, Mohali India during December 11-13, 2019.

Students Awarded PhD

Dr Deepak Singh, Mechanical Engineering Department, Dr B R Ambedkar NIT Jalandhar was awarded
PhD for his thesis “Experimental Investigation on the production of waste cooking oil-based biodiesel,
green diesel and microemulsion and their utilization in CI engine, co guided by Dr A K Sarma.

8. SCIENTIFIC/OTHEREVENTS ORGANIZED
8.1 Training Program

8.1.1 National Training Programme on “Bioenergy: Technology: Demonstration and its
Implementation” (Nov 5-8,2019)

A four days National Training Programme on “Bio-Energy Technology: Demonstration and its
Implementation” was organized at Sardar Swaran Singh National Institute of BioEnergy, during November 5 -
8, 2019. The training covered several areas related to biogas technology and basics of anaerobic digestion,
production of bio CNG, problems faced by investors, in-situ and ex-situ management of biogas, and various
other aspects. Various key subject experts included both academician and representative from industry to
deliver talks on the relevant subject. A total of 15 participants including entrepreneurs, academicians, research
scholars, and master's students from all over the country actively contributed during the training program. The
inauguration was carried out by Prof. L.K. Awasthi, Director, Dr. B.R. Ambedkar National Institute of
Technology and Sh. D. D. Jagdale, Joint sectary, MNRE and an additional charge of Director General of SSS-
NIBE, on November 5,2019.

Group Photograph of National Training Program
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The program concluded on 8th Nov 2019 at 04:00 PM after the Valedictory Function. The certificates
were distributed to all the participants on the successful completion of the four days national training
program. The participants were trained during the program about biogas technologies and it is expected that
the participants would be using their knowledge among their working groups and implement the same for
energy security.

8.1.2 National Training Programmeon renewable energy: special focus on bioenergy (March 2-6,
2020)

One week national training program on renewable energy: special focus on bioenergy” was held at
premises of Sardar Swaran Singh National Institute of Bio-Energy, Kapurthala, Punjab, during March 2 - 6,
2020.

The main objective of this national training program was to introduce the importance and various
applications of renewable energy including solar, wind, and bioenergy, characterization of biomass and
assessment, biomass gasification, fundamentals of solar, wind and biomass power generation, off-grid and
grid power generation, waste utilization for energy production, financing for industrial projects and techno-
economic for renewable energy projects and its utilization. Thirteen participants participated in the
program from various sectors/institutions. The inaugural session was carried out by Dr. Rajesh Grover,
Director, Pushpa Gujral Science City, Kapurthala, Punjab, as Chief Guest of the program. The training
program was arranged in keynote lectures on the relevant topics delivered by the invited experts from
R&D/academic/financing institutions, ministry, industries, and scientists of the institutes.

The program concluded on 6th March 2020, at 03:00 PM after the Valedictory Function. The certificates
were distributed to all the participants on the successful completion of the one-week national training
program.

Glimpses of training program
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Coverage of National Training Program in Local Newspaper (Dainik Jagran 03.03.20)
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8.3 HindiDivas and Pakhwada

The Institute observed Hindi Divas and Pakhwada from 14th-28th September 2019. The program was
coordinated by the Hindi Officer of the Institute. Many banners and posters were displayed at the Institute in
all the primary locations so as to disseminate the information among all-level-workers. A quiz competition
was held and winners were awarded cash prizes.

Glimpses of Hindi pakhwada
TESTING FACILITY FOR BIOMASS COOKSTOVE

The Institute has developed the biomass cookstove testing laboratory as per revised BIS@2013 and
testing of commercial cookstove is ongoing as per request from different commercial entities. Biomass
cookstove testing center is well equipped and is having modern equipment for testing of different and
important parameters such as CH,, NO, SO,, CO, CO,, O,, particulate matter, temperature, etc. The facility
consists of high capacity cookstove hood, a Multicomponent gas analyzer unit, Bomb calorimeter, SMS-4
particulate matter sampler, Microbalance, etc. The testing of Biomass Cookstove is carried out as per BIS
Standards.
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During FY 2019-20, three biomass cookstoves were received from stakeholders and tested out. The
'Global cookstove' was the first-ever cookstove fully passed as per BIS standards. During research on
cookstoves, the four improved biomass cookstoves are developed in-house and tested for their
performance.

e e

(a)Global Biomass Cookstove (passed) (b) In-house fabricated improved cookstove
10. DOCUMENTATION CENTRE
A documentation center has been established, having a collection of a large number of recently published
books, journals, periodicals, newsletters, reports, conference proceedings, etc. on various aspects, relating
to renewable energy. The further strengthening of the documentation center is in progress.
11.ADMINISTRATIVEACTIVITIES
Administrative/Purchase Committee/Finance Committee Meetings: Administrative meeting to discuss
the plans of development and progress of R&D activities being carried out in the Institute were organized at
regular intervals.
4+ Independence Day was celebrated in the Institute on 15" August 2019.
29" Governing Council Meeting was held on 25"September 2019 at MNRE.
1" Annual General Meeting was held on 25"September 2019 at MNRE
Independence Day was celebrated in the Institute on 15" August 2019.
Quiz Competition was conducted in the Institute on 24" January 2020.

Republic Day was celebrated in the Institute on 26" January 2020 and Sh Dinesh D Jagdale, DG NIBE
hoisted the flag and graced the occasion.

R R IR

<+

Talk/Discussion on Constitution was organized in the Institute on 20" February 2020. The topic of the
talk/discussion was Ethics and rule-regulations for office activities/ Constitutional provision for
autonomous Institutions. A motivational lecture was delivered by Sh. Prabhat K. Jha.

International Yoga Day was celebrated from our respective homes on 21" June 2020.
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12. ANNUALAUDITED ACCOUNTSFOR THE FINANCIALYEAR 2019-20

The annual audited accounts of the Institute for the year 2019-20 has been prepared and duly audited by
Internal Auditors M/s. Puri& Gupta Chartered Accountant, Jalandhar and Statutory Auditor M/s. K. Bhagat
& Co., Jalandhar. The detailed Auditor's Report, Balance Sheet, Income, Expenditure, Receipts & Payment
Accounts Schedules are attached herewith.
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SARDAR SWARAN SINGH NATIONAL INSTITUTE OF BIO-ENERGY
{An Autonomous Institution of Ministry of Mew & Renewable Energy)
Kapurthala (Punjab)- 144601
BALANCE SHEET A5 AT 315T MARCH 2020

PARTICLULARS SCHEDULE 3151 MARCH, 2020 315t MARCH, 2019
A, CAPITAL FUND AND LIABILITIES
Corpus/Capital Fund I 31,66,12,211.61 300,23,66,757.00
Reserve & Surplus ] 22.69,27.724.10 28,32,64,191.43
Current Liabilities & Provisions 1 23,87,923.00 40,48,563.00
TOTAL 54,59,27,858.71 58,96,73,516.43
B. ASSETS
Fixed Assets I 18,28,22,420,00 20,37,12,550.00
Current Assets, Loans & Advances W 6,05,49,702.10 7.91,07.407.08
Investment [Corpus Fund) Wi 30,25,55,716.61 30,68,59,159.35
TOTAL 54,59,27 858,71 58,96,79,.516.43
Contingent Liabilities And Notes on Accounts Ryl
For SARDAR SWARAN SINGH NATIOMAL INSTITUTE OF For K.Bhagat & Co,
BIO- ENERGY
—— Chartered Accountants
0 ¥ a8 450
B s QA& £ e
o e > = L7 e
Finance counts Director General o muﬂ@-:_,- Partner
\ a FRN O0BT97M
Place: latandhar DN 2001 7902AAAACESIES

Date: 06.11, 2020

Note:- The Original Balance Sheet as at 31st March 2020 was audited dated 11.08. 2030, 1t was prepared on cash
systerm of Accaunting, The above mentioned Balance Sheet has bee prepared on Mercantile System of Accounting.
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SARDAR SWARAN SINGH NATIONAL INSTITUTE OF BIO-ENERGY
{An Autonomads Institution of Ministry of New & Renowabla Energy)
Kapurthala [Punjabj- 144601
INCOME & EXPENDITURE ACCOUNT FOR THE YEAR ENDING 31.03.2020
[Amaunt in Rs.)
PARTICULARS 31st MARCH, 2020 31st MARCH, 2010
INDIRECT INCOME
Grant Recelved from MNAE during the yaar
for General Expenses 43,00,000.00 1,00,00, 030,00
Interest Aeceived from FORs |Corpus Furd) 1,35,95,454,61 1,22,32,146.00
Less: Transferrad to Corgus Fund 11,35,95,454 61} {1,22,32,1465.00)
Interest Received from Sweep Afc (IREDA,
WIBE Award) 6,50,000.00 7,12,400.00
Less: Transferred to Corpus Fund {6,50,000.00) 17.12,400.00%
Interest Aeceivad 1,06,56,627.00 L 11,645,00
Grant recelvad for Salasy 33,00,000.00 =
tcance Feas BE 705,00 BE,920.00
Other mise Inetme 4.500,00 E
Other Deductions/Racovery 14,775.00
Tender Fees{other ded) 5,.500.00
Written off ¥5,919,00 -
Round ofl 0.50
Registration Fens - 1,55, 000.00
Hastel Feps 1,33 250.00 1,52, 750.00
Dvarhead Charges af Praject Indo-Brazil 50,000.00 50,000.00
Cwarhead Changes of Project B Butanol . 1.00,000.00
Testing Fees Received 30,000.00 44 00005
Electricity Charges Aeceived from Howsing - B7 000
TOTAL 1,7637 276.50 2,08,67,366.00
INDERECT EXPENSES
Advertisement 3583620 24,928.00
Audit & Legal Foes 3.93,999.00 1.51,274.00
Carsurmable Laboratory Workshop Exg. ¥7.2E5.84 2,14,155.00
Degpreciation 20890 510000 2,35.35 TE0.00
Elactricity & POL 2584 R4 50 7781238 00
Computer seftwarne axp 14,249.15 -
Manpowar, Hiring of Prof, Services 54,06,707.73 53,93, 720,00
Horiculture Exgensas G3,424.00 44,761.00
Insurance Exg. 504,00 531.00
Mesting, Seminars, Workshop & Conference 251 46562 4,90,221.00
Dffice/Guest Houss Exp - 5,BE8.00
Bank interast 10,83, 448,00 -
Refrashment [haspitaking 5217300 36, 7E2.00
Regalr & Maintenance 62192460 6,42, 719.00
Salaries 54,03,555.00 £48.40 BE4.00
Statianary {Inchuding Software Exp.) 24,474.00 98,467.00
Stipend : 7.51,236.00
Telephone & interet Cip, 3,40,008 55 3,61,619.88
Research & Developmont gap 29,310.51 94, 65900
Travelling Exp. 1,47.622.00 .
Othar exp 2,19,879.00 =
Interest oa CGST/SGST/IGET G600 E;
Late fee CGST/SGST 4 A 4,750.00 .
Contingency aup e e, NP 27,127.00
k| 47002 |*
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SARDAR SWARAN S5INGH NATIONAL INSTITUTE OF BIO-ENERGY
{An Autonomous Institution of Ministry of New & Renewable Energy)
Kapurthala [Punjab}- 144601

INCOME & EXPENDITURE ACCOUNT FOR THE YEAR ENDING 31.03.2020

{Armount in Rs.}
PARTICLUILARS 3151 MARCH, 2020 3=t MAACH, 2019
Bank Charges 150.56 397.62
TOTAL B 3,91, 74,630,684 5,03,69,350.50
Surplus Transfor o Reserve B Surpius AR 12,15,37,344.18) {2,95,01,994,50)
For = For K.Bhagat & Ca.
/"'/1;}1’: "1\ . Chartered Accountants
o G Sl e
e wihpe 2\ niris
o & Accdunts Officer Director General . e Partner
FRN BDETITN

. UDIN : 20017902 AAAACESSRS
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SARDAR 5WARAN SINGH NATIONAL INSTITUTE OF BIO-ENERGY

[&n Autonoemous Institution of Ministry of New B Renewable Energy)

Kapurthala [Punjab)- 144601

PARTICUILARS 315t MARCH, 2020 31st MARCH, 2019
I CORPUS/CAPITAL FUND
Opening Balance | 290,594,357.00 278,462,211.00
Add: interest on FOR [Corpas) | 13,595,454.61 12,233,146.00
Add: [HEDA MIBE Award 11672.400.00 10,960,000,00
Addd: Interast on IREDA Fund £50,000.00 712,400,008
316,612,211.61 302,366,757.00
Il. RESERVE & SURPLUS
Opening Batance 261,949,637.73 191,451 63223
Addd: Grant Received for Capétal Expenses (27,825,598.15) r
fadd: Surplus for Current year [21,537,344.148] -29501954.5
Saiby Tookal 212,586,695.40 261,549,637.73
RESERVE & SURPLUS- COMPLETED PROUECTS
Bio Diesel Project (Dr. Ak Sarma) A4472,153.00 4,472,153.00
|CRESAT Project [Sh. R.A Singh) 13,925.00 13,9259.00
Bier Crude Project (Dr. A.K. Sarma) i 2,3E3,061.00 2.383,061.00
Matlonal Eenewahle Energy Program Froject | 50,415,00 50,415, 00
Bin Ethenol Praject (Dr. Sachin Kumar} 5.441,996.70 5,441,596, 70
Bip Gas Praject [Or. Sachin Kumar] 59,929.00 59,529.00
Bio iass Cook Stove Praject (D, 5.6 Tyagl) - 4,130,866.00
Bio hMass Energy Tech, Project (Or. 5.K. Tyagi) -
Sub Total 12,421 483.70 16,552,349.70
RESERVE & SURPLUS- DN GOING PROJECTS
Dpening Balance Bie Butanal Project {Dr, Suvashish Behra) 158,520.00 146,013.00
fidd: Grant Aoceived fram MNRE during the year (158,520,001 750,000.00
Less: Expenses. for Bio Butanol Project (Excluding Fived Ascets) - {737,493.00)
Sub Total - 158,520.00

$SS NIRE
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SARDAR SWARAN SINGH NATIONAL INSTITUTE OF BIO-ENERGY
[#in Autonemous Institution of Ministry of New B Renewable Eneegy)
Kapurthata [Funjab]- 148601

PAATICULARS St MARCH, B0 31st MARCH. 2018

Dpenirg Storntinery Approach for goneration of pfatform chemicals and
bioethanal (Dr. Sachin Kumar) 595,710,800 550,582.00

#dd: Grant Recelved fram MNRE during the year AZH 80000

Less: Enpenses Hiorefinery Approach for peneration af platiorm chemicais

and bloestianol (0. Sachin Kumar) 1334, 790.00) (303, E78.00)
Sih Tatal 240,820,00 575,710,000

|

Fellesaship Grant D 5achin Kumar | 230,300.00 220,300.00

Lzs Adwaaioe Ghaen to Or. Sachin Kumar . .
Sub Tozal 220,300.00 Z20r300.00

Dpening B-ACER [Blo Energy Awards for Cutting Edge Research] . -

Bdd: Erart Recehad from MMRE during the year - 929, 500,00
Le=s: Advance ta Kr Nilesh Kumar Sharma Tor & month visie ta LIS& -
+ (028,500.00)

Cpening Balance inda Brazl praject FEIT SO0 3,76, 998.00
Add: Grant Aeceheed fram MNRE during the year ETBA58.00 1,504, 500,00
Add: fidvance Fecovered from Meesd Has 545, 200.00 -
Loss: Expenses for Froject [Dacluding Fied Assets) |2 446, 408.00] |B5E8,624.00]
Liess: Advance to GROU 1.336,759.00
Liss: Achwance given: 1o Meenu Hans for visit 1o Braril - SA5300.00
SubTotal | 1A458,325.00 3,807,674.00
Sub Totsl | 22602772440  283,264,15143
I CURRERT LABILTIES & PROVISIONS I
Chexques kssued But nos Fresanted 541900 -
Salary Payable 467, 224.00 B56,400.00
Dlectricity Expensey : 236,665.00
Telephane & Other Expanses - 96, PE0.00
Stakutory Audit Fes 9,560.00 S/660.00
Sarinity &0,595.00 GOUEDS.00
Mrpart Hondefing Sardces, Few Dalhl 67.369.00 E7.365.00
TOS & G5T Payable 33500000 50920000
Prosision for Expenses * 2,063,667.00
Prisision for Leasedine - *
Mational Seryice Szation 1267100 55, B87.00
55 Food Junction 80,231.00 .
Chamicot Sdentiic Gases 381000 281000
Hird Aman Security & Corsultancy 2193 956,00 .
Sigma Gases & Services | 6,525,00 B,53%.00
¥R K Gupta | 000,00 -
Wi's Cusdrant Televertures Lid. .
WD LB, D0, 00 T35,000.00
Cpst payable q, 00000
Lgst paryabie 0, 00000
ikram Arora Charbered Actountarts 1p,E80000
EPF Payahle 57,8400
Expencas payable {2020-2021) 44417200
PSPCL 182,360,006
Seurity sokition Services 1PE 37700

| 3873300 409856800
e
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SARDAR SWARAN SINGH NATIONAL INSTITUTE OF BIO-ENERGY

[An Autonarmous Institution of Minkstry of New & Renewable Enargy)

Kapurthala [Punjab}- 144601
PARTICULARS 31st MARCH, 2030 315t MARCH, 2019
W ADVANCES
A. CURRENT ASSETS
Cash in Hand 747200 13,811.00
tiank Balances
In Saving Afc 495,764.34 59,401.43
In Curpent b S06,5TL.T0 523,532,786
In Deposit A 60,B72,743.00 181,221.494.00
Tatal 61,882 052.04 1E1,B17,239.19
Less: Deposit for Corpus | 112,322,400.00) [113,475,733.35)
{shown under Investment Corpus Fund) |
Total (a) 49,559,652,04 G8,341,505.84
B. LOANS, ADVANCES £ OTHER ASSETS
Advances Recoverable in Cash or in kind or for value to be recebved
Deposit with CPWD 4,644, 405,00 4)644,408.00
Mifs Casa, Mew Dalky 300,000.00 300,000,00
M5 Deejay Corporation 53,279.00 63,279.00
M5 PED Chandigarh 1,742,000,00 1,742,000.00
s Indian Jaurnals Com 2,000.00 2,000,00
s Gadre| & Boyea MAE. Co, Ltd, 5, 72500 5,725.00
/s B.M. Constrsctions 500,000,00 500,000.00
P /e Signal Logistées Py, Ladl - .
Deputy Commissiones Kpt 848,500.00 -
M5 Punjab State Councll for Sdence B Techmalagy - "
M5 Arora Vikram B Adsociates - G0ED
Sundry Advancesfacoverable i 41,055.49 204,744 34
Income Tax Deposited {Under Sppeal] | 428,355.00 428,395.00
Securities Telephane - -
CGST Credit Ledger 223,916,456
1GST credit ledges 240,691.05
Interest fcerued on Security Deposit 200, 235,00
SGST Credit Lodger 223 915,46
Securily Gas 7.100.00 7200000
CGST bnput 450.00
Pushpa Gujral Science City B,850.00
Raéttedl Corporation of India lwd E9E,B00.00
EPF employees shara -
BG5T Input 98,650.60
SGST input 450,00
Adwvance to Staff 92,245.00 .
Amount Dedectable from Staff 187.00 547700
Prepaid Expenses | z 504.00
Grant receivabile | 400,000, 00 400,000.00
Cheque Depasited but not Presented 1,500.00 55,000.00
Postal Stamps in Hand 3,356.00 3,356.00
T Recowverable pravious years B68,853.00 2,382 347.00
TOE Current Year 106,486.00 15,496.00
Total [B) 10,950,050.06 10,765,901.24
GRAND TOTAL [A+8) { I.- . = ‘-.r: 60,549,702,10 79,107 407.08
N = | W]
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SARDAR SWARAN SINGH NATIONAL INSTITUTE OF BIO-ENERGY

(An Autonomous Institution of Ministry of New & Renewable Energy)
Kapurthala [Punjab)- 144601

PARTICLILARS 31st MARCH, 2020 31st MlR'EHLZ'EI:l%_

EMTS {Corpus Fund

A Fired Deposits with Banks 289,422 211,00 152,261,853.00
Interest Accrued on FDR 811,105,561 1,121,528.00

B IREDA- MIBE Award Sweep Account 11,672,400,00 10,000, 00000
Interest wnder MOD of NIBE Award R50,000.00 1,672,400.00
{Tronsferred from Deposit A7)

C  MOD with Bank for Corpus | - 96, 180,256.00
Interest under MOD for Corpus [ 5,623,077.35
{Transferred fram Deposit A/c) L
TOTAL 302,555,716.61 306,859,159.35
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SARDAR SWARAN SINGH NATIONAL INSTITUTE OF BIO-ENERGY
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H. BHAGAT & CO.

Chartered Accountants Phone: {0} 0181-2282820
16-Brijf Nagar CA K. Bhagat (M) 98142-03435
Jalandhar, Adv. Vikas Bhagat {M] 99142-03435
|
FORM NO. 10B
[See rule 17B]

Audit report under section 12A(h) of thcrlnnume-m Act, 1961
|

We have examined the balance sheet of SARDAR SWARAN SINGH NATIONAL INSTITUTE OF
RENEWABLE ENERGY (S55 NIRE), KAPURTHALA as at 31.03.2020 and Income & Expenditure
account for the vear ended 31.03.2020 which are in agreement with the books of accounts maintained by
the said Institute.

We have obtained all the information and explanations which to the best of our knowledge and belief
were necessary for the purposes of the audit. In our opinion, proper books of account have been kept by
the Society so far as appears from our examination of books, subject to the notes to accounts annexed
hevewith.

In our opinion and to the best of our information, and according to information given to us, the said
accounts give a true and fair view., [

(il In the case of the balance sheet, of the state of ﬂ.ﬂf‘airs of the above named socicty as at
31.03.2020 and

fity  Inthe ease of the Income & Expendire account, of the deficit of its accounting year ending on
31.03.2020.

For K. Bhagat & Co.
Chartered Accountants

Place : Jalandhar City e o Txtran )7
Dhated : 06.11.2020 L e

g : i "L‘E.-:".
Wi lihP W |
AbiEE |
Y Jﬁl..ru...se'-i. .z'[?

UDIN 20017902AAAACESSES |




P Annual Report 2019-20

SCHEDULE ¥t
SARDAR SWARAN SINGH NATIONAL INSTITUTE OF RENEWABLE ENERGY

(AN AUTONOMOUS INSTITUTION OF MINISTRY OF NEW AND RENEWABLE ENERGY)
KAPURTHALA PUNJAB 144601

SIGNIFICANT ACCOUNTING POLICTES & NOTES ON ACCOUNTS

1. ACCOUNTING CONVENTION
The Financial staterments are prepared on the basis of historical cost convention in accordance with
the generally accepted accounting principles and on the zcernal method of accounting.

2. MIEPLLA
2015-16
For compliance of section 11{2] of Income Tax Act, 1961 & sum of Rs. 1,60,00,000/- had been
earmarked In F.Y. 2015-16 for construction of building mainly for Director's residence, hostel block
etc, This amount is required to be utlized before 31032021, However, no investment out of this
earmarked fund has been made, 1tis recommended to utilize this amount within the tme specified,
3

Fined Aszets are valued at cost of acquisidon inclusive of inward freight, duties and taxes and
incidental and direct expenses related to acquisition.
)
4. DEPRECIATION |
Irepreclation on fixed assets has been provided on Written down Value method as per rates
specified in the Income Tax Act, 1961,

GOVERNMENT GRANTS

Governments of India, Ministry of New & Renewable Energy has sanctioned the establishment of
Sardar Swaran Singh NMational Institute of Renewable Energy [SSS5-NIRE] as an autonomous
Institute of Ministry under the Societles Reglstration Act, 1860 During the year 2019-20, Bs. 70
Lakhs has been received, This makes a total grant of Rs. 85.25 Crores received from Ministry, Year
wise Grants received along with Interest earned which had been converted from Capital Fund o
Grant —in-Ald has been given in following table:

YEAR | GRANT RECEWVED[ I Hs] | CUMMULATIVE GRANT({In Rs)
19493-199% TH0000040 F5000000
19952010 2000000 TTO0000
2000-2001 FTO00000
2001-2002 10080000 BTO0DM00
. 2002-2003 2000000 L0000
2003-200:4 0000000 137000000
2004-2005 _ 2BRIN0000 165300000
2005-2006 165300000
2006-2007 165300000
2007-2008 36700000 202000000
| 2008-200% 35000000 237000000
2009-2010 F0000000 307000000
2010-2011 AOG0000 47000000
2011-2012 S0000000 F9T000000

! ﬁ?'\' --.l.- -!'-i-?'-‘l‘ﬂ_‘l'l_-l I|
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| 2011-2012 15047459 | 412047459
2012-2013 1500000 562047499
2013-2014 FABGITS 569513874
2013-2014 BOQOOOO | 649513874
2014-2015 120000000 769512874
2015-2016 46858799 16372673
2015-2016 51,41,201 825513874
2017-2018 1,00,00.000 83,55,13.874
2018-2019 1,00,00,000 A4.5513,674
20259-2020) F0,00,000 B5.25,13.874 |

6. TAXATION

In view of there being no taxable income under Income Tax Act, 1961, provision for Income Tax has
not been considered necessary, However, it s found from the Income Tax portal that the

organization has pending cutstanding liability of Income Tax which is as under:-

S Mo Assessment Year Amount {in Rz}
1 2015-2016 30565450.00
2 2016-2017 24746000 |

Appeal for the A.Y 2015-16 has been filed decision of which iz still pending. As regards for ALY 2016-
17, assessment has been made under section 1433) vide order dated 27.11.2018 with nil demand but

demand of Rs.54 7460/ has been reflected in Income Tax portal.

Portal is also showing default wrt, TDS payments also, which is as per following details:

SNao Financial Year Amount (in Rs)
| 20172018 121.50
2 2018-2019 106,00 |
3 2019-2020 48508.00
[ Prior to F.Y. 2017-18 126.50
TOTAL | s4862.00

In our view, these defaults and pending Tax payments noeds to be resobved at the earliest,

A

Balance confirmation from the varlous vendors is not available. To aveid the incidences of the
duplication of bills or duplicate coples of bills, it is essential to ger the account statemants of all the
vendors at regular Intervals. Submission of the accounts statements should be made mandatory for
all the vendors (n the future,
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Following is the list of Debtors/ Loans & advances where in advances have heen given for more than
ayear and have not been adjusted as yet.

Particulars Date of Advance Balance as on 31.03.2020
M5 Casa New Delhi 17.07.2003 3.00,000.00
cPwp ' 46,44,409.00
Indian fournals . eom | 2,000.00
["EQA, Chandigarh 1B.03.2011 & 168012012 17.42,000.00
Sundry Advances 3L.03.2015 41,055.49
Desjay corporation 2012 63,279.00
BN Eﬂtﬂicl‘.‘lﬂn 21-10-2014 5,00,004,00
Godrej & Boyce ML co. 1, 572500

We recommend the periodic review of the all the advances and to ensure that vendors are fulfilling
thelr commitments as par the terms of work orders.

9%
Following is the list of creditors which are not paid for more than a year.
‘ Detail n |
Adrport Handling Services 18.09.2012 | 67,369.00 |
| Sigma Gases & Services 31032018 | 6525.00 |
| Chemicot Sclentific Gases 31.03.2016 3,810.00 |

10, 'GPF Pavable” amounting to Rs. 11,782 /- is still payable.

11. OTHER OBSERVATIONS

=

-

The crganization has paid late fee on CGST/SGST of Rs.4750/- and interest on CGST/SGST/IGST
of Rs.660,/- which is to be avoided by filing GST returns in time.

The amount of expenditure has exceeded the amount of Subsidy received so the amount of
Interast earned on Saving accounts kas been utilized. Amount of Rs 30,37,460.00 has been
utilized out of Interest for Salary ( Es 33,00,000-63,37 460), Similarly w. r. £ G 1 A general
wherein amount of Subsidy received is Rs 33,00,000 , the amount expended |s Rs 88.86,617.76.
The same has been funded out of Bank interest Accrued for FY 2009-2020 s Bs 1,50,085/- and
balance amount of Rs 54,36,532.76 has been uttlized from Interest of Corpus Fund.

While getting the Balance Confirmation Certificate fmm OBC the Bank has shown a Closing
Balance in two Accounts of Rs 36448 /- and Rs 2643/~ But there is no entry in our Books of
Accounts, [t is required to confirm the nature of these deposits and why the same are not been
accounted for in Books of Accounts,

There is one Balance in the Account shown as SUNDRY DEBTORS in the name of M/s B N
Constructions showing an opening Balance of Rs 5,00,000/- During the course of audit it has
been observed that there is a Bill outstanding to be entered of Rs11,46,283/- vide dated
22.049.2014, meaning thereby that it has been outstanding since around b years.
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12. Following is the detail of cheques deposited but not cleared as on 31.03.2020:

Instrument /
| Sr.No, |  Particulars  Demand DraftNo. | Amount |

Param Bhushan & Co. (Tender

o Fee) 841167 500.00
Param Bhushan & Co. (Tender

2, Fee) B41168 200.00
Ravinder Chunni & Co. [Tender

3. Fee] 473535 500.00

Toptal 1500.00

I
13. Following is the detail of cheque issued but not presented as on 3L03.2020:

Date Amount [Rs.) Bank
30.03.2020 25419.00 UBI
Total 25419.00

For K. Bhagat & Co.
Chartered Accountants

Place : Jalandhar City

Dated :06.11.2020
UDIN : 20017902AAAACESSES




