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ABSTRACT 

The iefficiency iof iboiler ihas ivociferously iheightened iin ithe icourse iof iconsidering ithe iapposite ithermal istrictures. iBy 

iusing ithis itype iof iplants, iwe isave inatural iresources ilike icoal, iwater ibecause ithe iby-product iof isugar icane ii.e., 

iBagasse iis iused ias iraw imaterial ifor icombustion. iBy ierecting ithe iplant ias iper ithe idesign, iit iresults iin ithe ireduction iof 

iatmospheric ipollution iand iincreases ithe ipower igeneration iand ithe iefficiency iof ithe iplant iincreases. iBy ithese 

idesigns, ithe istep-by-step iprocess iof ipower igeneration iwill ibe iin ia iprogressive ilevel isuch ithat iinterruption iin ipower 

igeneration iwill inot ihappen iand ifault iidentification iand irectification iwill ibe ieasy ifor iany iworking iindividual ithe 

icaptioned iintegrated isugar iand icogen ipower iproject iis isternly ifeasible iand icommercially iviable, iin irespect iof 

ibenefits ifrom itrade iinternational imarket. i i 

Keywords: iCogen iplant, iBagasse, iCoal, iBoiler iEfficiency 
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1. INTRODUCTION i 

The iorigin iof iIndian isugar iindustry idates iback ito i1930, iwhen ithe ifirst isugar ifactory iwas iset iup iin ithe ipre-

independence iera. iOver ithe ilast i76 iyears, ithe isugar iindustry ipartakes isteadily igrown iand ihas ibecome ithe 

ibackbone iof ithe iagricultural iand irural ieconomy iin iIndia. iToday, isugar iis ithe isecond ilargest iagro iprocessing 

iindustry, inext ito ithe itextile iindustry. iIndia iis ione iof ithe ilargest iproducers iof isugar iin ithe iworld, iwith ia iproduction 

iof iover i25 imillion itonnes. iSugar ifactories iare ilocated imostly iin ithe irural iIndia. iThey iact ias icentres iof 

idevelopment, iprovide ilargest idirect iemployment iin ithe irural iareas iand icontribute isubstantially ito ithe iCentral 

iand iState iexchequers. iThe iprospects iof iearning iforeign iexchange ifrom iexport iof isugar iare ialso iquite ihigh iSugar 

ifactories iin iIndia ihave icapacities iranging ifrom i1250 iTCD ito i10000 iTCD. iThe iIndian isugar iindustry ihas 

ideveloped iindigenous icapabilities ifor idesign, imanufacture, isupply, ioperation iand imaintenance, iR&D iand icane 

idevelopment. iThe imajor istakeholders iof ithis iindustry iin iIndia iare iMinistry iof iAgriculture, iGovt. iof iIndia, 

iMinistry iof iConsumer iAffairs, iFood iand iPublic iDistribution, ifederations iof icooperative iand iprivate isector isugar 

ifactories iat ithe inational iand ithe iState ilevels, isugarcane igrowing ifarmers, iequipment iand itechnology isuppliers, 

iresearch iinstitutions, iconsultants iand iservice iproviders, ifinancial iinstitutions iand iCentral i/ iState iGovernments. 

iA itotal iof i701 isugar ifactories iare iin ioperation itoday, iwith iadditional isugar ifactories iunder iimplementation iin 

idifferent iparts iof ithe ination. iThe icrop iyield iper ihectare iand irecovery ihas iimproved, iparticularly iin ithe ilast 

idecade. iSugar ifactories iin iIndia iare ispread iover ithe ientire icountry; ihowever, i92% iof ithem iare ilocated iin i9 iStates 

iviz., iUttar iPradesh, iBihar, iPunjab iand iHaryana iin ithe inorth, iMaharashtra iand iGujarat iin ithe iwest iand iKarnataka, 

iAndhra iPradesh i& iTamil iNadu iin ithe isouth. iMore ithan i80% isugars ifactories iare ibelow i3500 iTCD icapacity iand 

ibalance ihave ihigher icapacities. iAbout i44% iof ithe iIndian isugar ifactories iare iin ithe icooperative i9% iin ipublic 

isectors iand ibalance i47% iin ithe iprivate isector. iThe iMinistry iof iConsumer iAffairs, iFood i& iPublic iDistribution, 

iand iGovernment iof iIndia irevised ithe istandard ispecifications ifor isugar iplant i& iequipment, iin ithe iyear i1987. iThe 

ispecial icommittee ifinalized ispecifications ifor ieconomical icapacity iof i2500 iTCD, iexpandable ito i3500 iTCD, 

iemploying ihigher-pressure iboiler iand iturbine iconfiguration iand iefficient iequipment, iwith ia ipotential ito iexport 

iincidental isurplus ipower ito ithe igrid. iThe iIndian isugar iindustry iwas ide-licensed iin ithe iyear i1998 ivide ipress inote 

iNo. i12 iissued iby ithe iGovernment iof iIndia, iMinistry iof iIndustry, iDepartment iof iIndustrial iPolicy iand 

iPromotion, ion iAugust i31, i1998. iThe isugar iindustry istands ideleted ifrom ithe ilist iof iindustries irequiring 

icompulsory ilicensing iunder ithe iprovisions iof iIndustries iDevelopment iand iRegulation iAct, i1951. iHowever, iin 

iorder ito iavoid iunhealthy icompetition iamong isugar ifactories ito iprocure isugarcane, ia iminimum idistance iof i15 ikm 

iwould icontinue ito ibe iobserved ibetween iand iexisting isugar ifactory iand ia inew ifactory, iby iexercise iof ipowers 

iunder ithe iSugar iControl iOrder, i1966. iThe ientrepreneurs, iwho iwish ito ide-license itheir isugar ifactory, iwould 

irequire ifiling ian iIndustrial iEntrepreneur iMemoranda i(IEM) iwith ithe isecretariat iof iindustrial iassistance iin ithe 

iMinistry iof iIndustry, ias ilaid idown ifor iall ide-licensed iindustries, iin iterms iof ithe ipress inote idated iAugust i2, i1991,
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 as iamended ifrom itime ito itime. iEntrepreneurs iwho ihave ibeen iissued iLetter iof iIntent i(LoI) ifor imanufacture iof 

isugar ineed inot ifile ian iinitial iIEM. iIn isuch icases, ithe iLoI iholder ishall ionly ifile iPart iB iof ithe iIEM iat ithe itime iof 

icommencement iof icommercial iproduction iagainst ithe iLoI iissued ito ithem. i iIt iis ihowever iopen ito ientrepreneurs 

ito ifile ian iinitial iIEM i(in ilieu iof iLoI i/ iindustrial ilicense iheld iby ithem) iif ithey iso idesire, iwhenever iany ivariation 

ifrom ithe iconditions iand iparameters istipulated iin ithe iLoI i/ iindustrial ilicense iis icontemplated. iThe istatistics ion 

ieconomic iand icommercial iperformance ifor ithe iindustry iis iquite ifluctuating. 

2. COMPANY iPROFILE 

Sri iChamundeswari iSugars iLimited i(SCSL), iincorporated iin iDecember i1970, iis ipromoted iby iDr. iN. 

iMahalingam iof ithe i‘Sakthi iGroup’ iCoimbatore; iTamil iNadu iSCSL istarted iits ioperation ito imanufacture isugar 

iwith ian iinstalled icapacity iof i1250 iTCD iin i1974 iat iK.M. iDoddi, iMaddur iTaluk, iMandya iDistrict iin iKarnataka. iIt 

iundertook iexpansion iof iits isugar imanufacturing icapacity ifrom i1250 iTCD ito i2400 iTCD iin i1986 iand ifurther ito 

i4000 iTCD iin i2006. i 

In ithe iyear i2002-03, ithe icompany iset iup ia idistillery iunit ito imanufacture irectified ispirit, idenatured isprit iand iextra 

ineutral ialcohol ifrom imolasses iwith ian iinstalled icapacity iof i50 ikilo ilitres iper iday i(KLPD). iAlong iwith ithe 

iDistillery iPlant, ibiogas iand ibio-compost iunits ihas ibeen isetup ito itreat iand iadd ivalue ito ithe ieffluent iform ithe 

idistillery. iThe ibio-compost iunit iwas iput iup ito iproduce iBio-fertilizer iby ibiologically iassimilating iwastewater 

ieffluent iinto iPress-mud iorganically iwithout icausing iany idamage ito ienvironmental ifactors. iIt iis ione iof ithe imodel 

iunits iin iIndia, iwhich iare itreating ieffluents. 

 

Fig.1.1: iFoyer iView iof iSri iChamundeswari iSugars iLimited 

3. PROCESS iPLANT iDETAILS 

The iobjectives iof ithe isugar iplant iof ithe iproposed iintegrated iproject iare imainly ito imanufacture iquality isugar ifor 

inational i& iinternational imarkets iat ioptimum ioperating iand ienergy iefficiencies, ias iwell ias iprovide iraw imaterials 

ifor ico-gen ipower iplant. iThe iintegrated iventure iwill ipush ithe iproduct, iwhich ihas ihighest irealization iin ithe 

imarket. iThe idesign iof ithe isugar imill iwould imatch ithe ilatest iand imodern itechnologies, ibeing iemployed ifor ithe 



      ISSN:2583-3294 

10 | A p r i l  2 0 2 2 ,  V o l u m e 1 ,  I s s u e 2   

 

co-gen ipower iplant. iAt ithe isame itime, ithe iflexibility  of ioperation, iexpansion iand idiversification, ialso iwill ibe 

iavailable. 

Chemical iReaction: 

Sugar iCane i+ iInhibition iWater i i i i i i i i i i i i i i i i i i i i i i i    Raw iJuice i+ iBagasse 

(100 i%) i i i i i i+ i i i i i(30 i%) i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i(103 i%) i i i i+ i(27 i%) 

 

In iMandya iRegion i(Karnataka) iSugar iBreed i– iVCF517 

     i i i i i i i i i i i i i i i i i i i i i i i i i i iVCF62175 

Table i1: iDetails iof iProcess iPlant 

SL.NO Particulars Value 

1 Sugar icane icrushing icapacity 4000TCD 

2 Sugar iproduced 8.5-10.5% i9 iTons iaverage ifor ievery i100 iTons 

3 Molasses ifor iDistillery 4-5% 

4 Bagasse 25-30% 

5 Imbibition iwater iflow 30-35% i(Avg. i48 iTPH) 

6 Temperature 700
 iC 

7 Raw iJuice 60-75% 

3.1.Process iplant imachinery 

Cogeneration ipower iplant iwill ihouse ithe isteam iturbine igenerator iand iits iauxiliaries, ithe icondenser iand iits 

iauxiliaries, ithe icontrol iroom; ithe iboiler ifeed ipumps, ithe ielectrical iequipment iroom i(distribution 

itransformers, iswitchgear, iand imotor icontrol icentres), ibattery iroom, ietc. iThe isteam iturbine igenerator iwill 

ibe isupported ion ia ireinforced iconcrete ipedestal. iThe ibuilding isuperstructure iwill ibe iRCC iconstruction. 

iPitched iroof iwill ibe iprovided ito ifacilitate idrainage. iProper iair iconditioning iwill ibe iprovided ifor ithe icontrol 

iroom. iFor iall iother iareas iadequate iventilation isystem iwill ibe iprovided ias iper ithe iState iregulations. iSpecial 

iprecautions iwill ibe itaken ifor iair iintake iand iexhaust ifor ithe iemergency idiesel iarea iand ifor ithe ibattery iroom.
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Table i2: iMachines iof iProcess iPlant 

SL. iNo Machines Number 

1 Crushing iMills 4 

2 Juice iBuffer iCollection iTank 1 

3 Primary iHeater 4 

4 Reaction iVessel 1 

5 Secondary iHeater 4 

6 Clarifier 1 

7 Vacuum iFilter 1 

8 Clear iJuice iHeater 1 

9 Multiple iEffect iEvaporators 10 

10 Vacuum iPan iCrystallizer 9 

11 Crystallizer 13 

12 Centrifugals 15 

13 Raw iSugar iMelter 1 

14 Hopper 2 

15 Sizer 6 

 

3.2.Cogen iplant idetails 

The icogen ipower iplant ieffluents iwill ialso ibe itreated iin ia iseparate ieffluent itreatment iplant i& ithe idischarges 

iwill ibe imaintained ias iper ithe ilatest inorms iof ithe iMPCB i& iCPCB. iThe iliquid ieffluents igenerated ifrom ithe 

iCogen ipower iplant iwill ibe imainly ifrom iboiler iblow idown, icooling itower iand iwater itreatment iplant iblow 

idowns, iwash iwater iand iother isewage ieffluents. iThe icogen ipower iplant iwill ihave iinstalled icapacity iof i26 

iMW iof iDouble iextractions i– icum icondensing itype iturbine iand iwill iemploy i87 ikg/cm2 iand i5400C 

iconfigurations. iBagasse igenerated ifrom icane icrushing, iexcluding ihandling ilosses iand ibagacillo 

irequirements iwill ibe iavailable ifor ioperation iof ithe ihigh-pressure iboiler iduring iseason ifor i160 idays. iSaved 

ibagasse iwill ibe iused iduring ithe ioff-season iperiod iof iabout i27 idays. iThe iauxiliary isteam iconsumption ifor 

ithe ipower iplant iwill ibe ifor isoot iblowing iand iother iauxiliary iconsumptions ilike iSteam iJet iAir iEjector 

i(SJAE) i& iGland iSteam iCondenser i(GSC) iat ihigh ipressure, ifor iHP iheater iat imedium ipressure iand ifor ide-

aerator iat ilow ipressure. iThe iauxiliary ipower iconsumption ifor ithe ipower iplant iwill ibe iabout i9% i& i9.5% iof 

igeneration iduring iseason iand ioff-season iperiod irespectively.
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Fig.1.2: iCOGEN iPlant i 

Table i3: iDetails iof iCogeneration iPlant 

SL. iNo Particulars Details 

1.  Plant iCapacity 26 iMW 

2.  Plant iUtilization 7.5 iMW 

3.  Export ito iGrid 17.5 iMW 

4.  Steam iGenerator Babcock iand iWilcox i(Thermax) 

5.  Fuel iUsed Bagasse, iBiogas, icoal 

6.  Turbine iType Extraction iType iimpulse iTurbine 

 

Boiler iand iFuel iDetails: 

 Number iof iBoilers-01 

 Type iof iInstallation- iOutdoor i i 

 100 i% iBagasse i(135TPH) 

 100 i% iImported iCoal i(110.7 iTPH) 

 Feed iwater iEco iInlet iTemperature i2100C 

 Dosing iSystem iTank iCapacity: i300 iLiter 

 Safety iRelief iValve iSOOT iBoiler isystem iPressure: i49 Kg/Cm2
 i 

A isteam iboiler igenerates isteam iat ithe idesired irate iat ithe idesired ipressure iand itemperature iby iburning ifuel 

iin iits ifurnace. iA isteam iboiler iis ia icomplex iintegration iof ifurnace, isuperheater, ipreheater, ievaporator, 

ieconomizer iand iair ipreheater ialong iwith ivarious iauxiliaries. iThe ievaporator iis ithat ipart iof isteam iboiler 

iwhere iphase ichange ioccurs ifrom iliquid ito ivapor, iessentially iat iconstant ipressure iand itemperature.
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               Fig.1.3:T-S Diagram 

4. STEAM iGENERATOR iEFFICIENCY 

 iThe iboiler i(steam igenerator) iefficiency iis idefined ias 

 

 i i i i i i i i i i i i  

Fig.1.2: iTemperature-Entropy i(T-S) iDiagram i(Actual iRankine iCycle) 

Table i4: iParticulars iof iTurbine iand iHeaters 

Where iws iis ithe isteam igeneration irate iand iwf iis ithe ifuel iconsumption 

irate iand iCV iis ithe icalorific ivalue iof ithe ifuel. 

The ivalues iof ithe ivariables iare itabulated ibelow: 

Table i5: iSteam iGeneration iVariables 

Sl.No  i i i i i i i i i i i i i i i i i i i i i i i i iPARAMETERS VALUE 

1 Qin i(kW) 117482.536 

2 h1 i(kJ/kg) 3430 

3 h11 i(kJ/kg) 830 

4 ws i(kg/s) 26.75 

Coal iCost i= i8500/Ton.

ηBoiler = form steam 
𝐑𝐚𝐭𝐞 𝐨𝐟 𝐞𝐧𝐞𝐫𝐠𝐲 𝐚𝐛𝐬𝐨𝐫𝐩𝐭𝐢𝐨𝐧 𝐛𝐲 𝐰𝐚𝐭𝐞𝐫

𝐑𝐚𝐭𝐞 𝐨𝐟 𝐞𝐧𝐞𝐫𝐠𝐲 𝐫𝐞𝐥𝐞𝐚𝐬𝐞 𝐛𝐲 𝐜𝐨𝐦𝐛𝐮𝐬𝐭𝐢𝐨𝐧 𝐨𝐟 𝐟𝐮𝐞𝐥
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Table i5: iParticulars iof iTurbine iand iHeaters 

 Calculations: 

i. Boiler iEfficiency i 

 i i i i i i i i i i i i i i i i i i i i i i i i i i iWS i= i26.75 iKg/s 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i ih1 i i i= i3430 iKJ i/ iKg 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i ih11 i= i830 iKJ i/ iKg 

 i i i i i i i i i i i i i i i i i i i i i i i i i i iWf i(Bag.) i= i47 iTPH 

 i i i i i i i i i i i i i i i i i i i i i i i i i i iWBeg i= i13.06 iKg/s 

 

 i i i i i i i i i i i i i i i i i i i i i iGCV= i2150 iKCa/Kg 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i= i2150×4.182 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i= i8995.6 iKJ/Kg 

 i 
So, i i i i i i i i i i i i i i i i i i iQin i= iWg i× iGCV 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i= i13.06 i× i8995.6 

 i i i i i i i 
 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i iNCV=1800 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i  

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i= i

𝟐𝟔.𝟕𝟓 𝐢(𝟑𝟒𝟑𝟎−𝟖𝟑𝟎)

𝟏𝟑.𝟎𝟔 𝐢(𝟐𝟏𝟓𝟎×𝟒.𝟏𝟖𝟒)
 

Description i 26 iMW 15.6 iMW 

Boiler Pressure 

(Kg/Cm2) 

Temperature 

(0C) 

Flow 

iRate 

(TPH) 

Pressure 

(Kg/Cm2) 

Temperature 

(0C) 

Flow iRate 

(TPH) 

107 540±5 135 101 524 96.3 

Turbine 104 540 132 100 521 94.2 

1St
 iExtraction i(HP-2) 20.3 335.8 9.36 14 307 5.3 

2nd
 iExtraction 

(Sug+Dist) i+ i(HP-1) 

9.59 262.9 10.56 

9.11 

7.2 253 7.24 

7 i(HP-1) 

3rd
 iExtraction 

(Sugar+Deaerator) 

2 135 72.8 

10.15 

1.08 139 72 

Condenser iFlow 0.934 37.57 19.92 -0.844 52 2.7 

Qin i= i117,482.536 iKW 

ηBoiler i= i59.2 i% 
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The iefficiency iof ithe isteam igenerator icame ito ibe i59.2 i% iwhich iimplies ithat ionly i59.2 i% iof ithe ienergy ion 

ithe ifuel iis itaken iby ithe ifeed iwater. iThe iideal iefficiency iof ithe isteam igenerator ion iBagasse iis i71 i% iwhich 

ishows ithat ithe iboiler iis irunning iin i3 i% ilower iefficiency ias iprovided iby ithe imanufacturer. 

ii. Rate iof iHeat i        
       i i i i i i i i i i i i i i i i i i i i i i i i i 
To ifind iout iPower iP: 

 

Heat iRate i= i

Net iHeat iUsed ito iproduce iPower

Net iPower iProduced
 i i i i 

 
 iP iNet i= i15.6-(Auxillaries+BEP+CEP) 

 

 i i i i i i i i i i i= i

Qin−(ms2nd)×h

𝑃
     = 

i15.6-2.45 

 

 i i i i i i i i i i i i i= i

117482.536−(20×2760)

13.16×1000
 i i i i i i i i i i i i i i i i i i 

 i i i i i i i i i i i i 

 i i i i i i i i i i i i i i= i4.73 i

𝐾𝐽/𝑆

𝐾𝑊
 

 i i i i i i i i i i i iHeat iRate i= i4.73 i× i3600 i i i i i i i i i i i i i 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i= i17,034.78 i

𝐾𝐽

𝐾𝑊𝐻
 

 i i i i i i= i

17,034.78 i

4.184
 i i 

 

 

It iindicates ithat, ithe iheat isupply iof i4072.16 iKcal/KWH iis irequired ito 

iproduce i1 iKW iof iPower. 

4.1.Heat ibalance isheet ifor iboiler i 

Heat iInput i= iGCV= i2150 iKcal/Kg i= i100% 

Heat iUtilized iin ithe iform iof: 

 Output iHeat 

 Condensation iloses 

 Sensible iheat iloss 

 Un-burnt isolid iloss i(α) i(2-3%)

Heat iRate i= i4072.126 i

𝐊𝐂𝐚𝐥

𝐊𝐖𝐇
 

 

 

P iNet i= i13.16 iMW 
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 Incomplete icombustion iloss i(β) i(0.5-1%) 

 Radiation iloss i(γ) i(0.5-1%) 

a) HEAT iINPUT i(Qi) 

 i i i i i i i i i i i 

 

  

b) HEAT iUTILIZED i 

1. Condensation iLoss i 

Lc=GCV-NCV 

 i i i i i= i2150-1800 

 iLc i= i350 iKcal/Kg i i i i i i  

Lc i= i350 i× i0.97 i× i0.9 i× i0.9 

 

 

2. Sensible iloss i(Ls) 

Ls i= i[(1-w) i(1.4ma-0.13) i+0.5] i(Tg-Ta) 

Where, 

 W i= iWeight iof ithe imoisture iin iBagasse i50% i= i0.5 

 ma i= imass iof iair iratio i= i1.4 i(1.3-1.6) 

 Tg i= iTemperature iof iflue igas iat ichimney i= i1780C 

 Ta i= iAmbient iTemperature i= i280C 

  i i i i i i i i i i iLs i= i[(1-0.5) i(1.4×1.4-0.13) i+0.5)] i(178-28) 

   i i i i i i i iLs i= i212.25 iKcal/Kg iof iBagasse i   

 i iLs i= i212.25×0.97×0.9×0.9 

 i i 
 

 

3. Boiler iEfficiency i 

 

  𝛈𝛃 i= i

GCV−LOSES

GCV
 

Qi=GCV=2150 iKCal/Kg 

Lc i= i274.995 iKcal/Kg i 

i i i i i 

Ls i= i166.7648 iKcal/kg iof iBagasse 
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  𝛈𝛃 i= i

Heat iAvailable i

Heat iSupplied
 

 

  𝛈𝛃 i= i

GCV−(GCV−NCV)−Ls

GCV
 

 

  𝛈𝛃 i= i

NCV−Ls

GCV
 i×𝛂𝛃𝛄 

 

𝛈𝛃 i= i

1800−212.25

2150
 i×0.97×0.9×0.9 

 

 

Hence, iHeat iOutput i= iQout i= iGCV i× i𝛈𝛃 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i= i2150 i× i0.5802 i 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i  

4. Un-burnt isolid iloss i(α) 

 Un-burnt isolid iloss i(α) i= i3% iof iGCV 

     i i i i i= i3/100 i× i2150 

 

  

5. Incomplete iCombustion iLoss i(𝛃) 

Incomplete iCombustion iLoss i(𝛃) i= i1 i% iof iGCV 

  i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i= i1/100 i× i2150 
 i i i i i i i i i i i i i i i i i i i i i i 

 

6. Radiation iLoss i(𝛄) 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i iRadiation iLoss i(𝛄) i= i1 i% iof iGCV 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i= i1/100 i× i2150 

 

 

7. Unaccounted iLoss i 

Unaccounted iloss i= i2150-

(1247.43+274.995+166.765+64.5+21.5+21.5) 

𝛈𝛃 i= i0.5802 i→ i58.02 i% 

Qout i= i1247.43 iKcal/Kg iof iBagasse 

Un-burnt isolid iloss i(α) i= i64.5 iKcal/Kg 

Incomplete iCombustion iLoss i(𝛃) i= i21.5 iKcal/Kg 

Radiation iLoss i(𝛄) i= i21.5 iKcal/Kg 

Unaccounted iloss i= i353.31 iKcal/Kg 



      ISSN:2583-3294 

18 | A p r i l  2 0 2 2 ,  V o l u m e 1 ,  I s s u e 2   

 

 Heat iBalance iSheet iParticulars 

The iCalculated ivalues iof iheat iinput iand iheat ioutput ihas ibeen 

itabulated. 

Heat iInput Heat iUtilized 

Particulars Kcal/Kg % Particulars Kcal/Kg % 

 

 

GCV 

 

 

2150 

 

 

100 

Heat iOutput 1247.43 58.02 

Condenser 

iLoss 

274.995 12.79 

Sensible iHeat 

iLoss 

166.765 7.76 

Un-burnt 

isolid iloss i(α) 

64.5 3 

Incomplete 

iCombustion 

iLoss i(𝛃) 

21.5 1 

Radiation 

iLoss i(𝛄) 

21.5 1 

Total 2150 100 i%  2150 100 i% 

 

4.2.Boiler iefficiency iimprovement 

We ican ienhance ithe iGCV iof iBagasse iby ireducing ithe imoisture icontent iin ithe ifuel. i iAs iof inow i50% 

imoisture iBagasse iis iusing ias ifuel. 

It ireduces ithe imoisture icontent ito i42%. i i 

Let iW i= iMoisture icontent iin i1 iKg iweight iwet iof iBagasse i 

 i i i i i iD i= iDry iquantity iof iBagasse i= i1-W 

 i i i i i i∴ iD=1-W   

 i i i ix i= iweight iof ipartially idried iwet iBagasse i 

 i i i iw!
 i= iActual iweight iof imoisture iin i‘x’ iquantity iof iBagasse i 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i iD=x-w 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i

𝑋−W!

X
 i= i

D

X
 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i1-
w!

X
 i i i= i

D

X
 i i i i i i i iWhere i 𝑖

W!
X

 i= i% iof imoisture iin i

1 
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quantity iof iBagasse i 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i1-W1 i i i i i i i= i

D

X
 

 i i i i i i i i i i i i i i i i i i i i i i i i i i⟹ iD= ix- ixW1 

By iequation i1 i& i2 i 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i ix- ixW1 i= i1- iW 

 i 

 

Where, ix i= iweight iof ia idried imoisture i 

 i i i i i i i i i i i iW i= iInitial iweight iof ia imoisture 

 i i i i i i i i i i i iW1 i= iWeight iof ia imoisture iafter idry i 

Here, iW i= i50% i⟹ i0.5, iW1 i= i42% i⟹ i0.42 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i𝑥 =
1−0.5

1−0.42
 i= i0.8621 iKg iof iBagasse 

Initially iS= i0.2 ifor i1 iKg iof iBagasse i 

∴ iS iis iincreased i= i

0.2

0.8621
 i= i2.32 i% 

 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i∴ iGCV i= i(1-W) i× i(4600-1200S) 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i= i(1-0.42) i× i(4600-1200×0.0232) 

 i i i 

For i0.8621 iKg iof iBagasse, 

  i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i iGCV i= i2640.16 i× i0.8621 i= i2276.08 iKcal. 

So, icalorific ivalue ienhances iafter idrying i 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i iNCV i= i4250-1200S-4850W 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i= i4250-1200×0.0232-4850×0.42 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i iNCV i= i2185.16 iKcal/Kg 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i iNCV i= i2185.16 i× i0.8621

2 

x i= i

𝟏−𝐖

𝟏−𝐖𝟏
 

x i= i0.8621 iKg 

S i= i0.0232 iKg 

GCV = i2640.16 iKcal/Kg 
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Then, i 

α i= i0.97 i(3 i%) 

β i= i0.99 i(1 i%) 

γ i= i0.99 i(1 i%) 

Sensible iHeat iLoss: i 

Ls i= i[(1-W) i(1.4 im i– i0.13) i+ i0.5] i(Tg i– iTa) 

 

    i i i i= i[(1-0.42) i(1.4 i×1.4-0.13) i+ i0.5] i(178-28) 

   
  i i i i i i i i i i i i i i i i i i i i i i i 
 
   i i i i i i i i i i i 

 

ηb i= i

𝐍𝐂𝐕−𝐋𝐬 𝐢

𝐆𝐂𝐕
× i𝛂𝛃𝛄 

 

   i i i i i i i i i i i i i i i i i= i

1883.826−234.21

2276.08
× i0.97×0.99×0.99 

 
 

Then, i 

   SFR i= i

GCV−𝛈𝐛

H−h
 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i= i

2276.08−0.6890

830−194
 

 

For isteam iof i96.3 i 

  i i i i i i i i i i = i

96.3

2.4
 

  i i i i i i i i i i i i= i40.125 iTPH 

Bagasse isupplied ito ithe iboiler i 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i= i

40.125

0.8621
 

 i

NCV i= i1883.826 iKCal 

ηb i= i0.6890 i⟹ i68.90% 

 

Ls i= i234.21 iKcal 

SFR i= i2.4 

 

Bagasse isupplied ito ithe iboiler iwith i42 i% iMoisture i= i46.54 iTPH 
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CONCLUSION 

In ithe ilong irun, ias iper ithe itechnical ipoint iof iview ithe iefficiency iof iboiler ihas ieffusively ienhanced iin ithe icourse iof 

iconsidering ithe ipertinent ithermal istrictures. iBagasse iotherwise ia irefuse, iif iused ias icogeneration ifuel iis iproved ito 

ihave ibeen itechnically ifeasible, ieconomically iviable ifor ithe icompetitive iindustrial ienvironment iof isugar 

iindustries, ienvironmentally ifriendly ibecause iof igreenhouse ineutral iemissions iand iacceptable iregarding isocial 

imatters. iBy iusing ithis itype iof iplants, iwe isave inatural iresources ilike icoal, iwater ibecause ithe iby-product iof isugar 

icane ii.e., iBagasse iis iused ias iraw imaterial ifor icombustion. iBy ierecting ithe iplant ias iper ithe idesign, iit iresults iin ithe 

ireduction iof iatmospheric ipollution iand iincreases ithe ipower igeneration iand ithe iefficiency iof ithe iplant iincreases. 

iBy ithese idesigns, ithe istep-by-step iprocess iof ipower igeneration iwill ibe iin ia iprogressive ilevel isuch ithat 

iinterruption iin ipower igeneration iwill inot ihappen iand ifault iidentification iand irectification iwill ibe ieasy ifor iany 

iworking iindividual. iAs ipar iwith itechnical iview ithe icaptioned iintegrated isugar iand icogen ipower iproject iis isternly 

ifeasible iand icommercially iviable, iin irespect iof ibenefits ifrom itrade iinternational imarket. i i 
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