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KEYWORD:
Kamon Fuengcharoen : The Assessment of Steam Generation Efficiency
from Bagasse Moisture Reduction. Advisor: Assoc. Prof. Withaya

Yongchareon, Ph.D.

In a sugar factory, Bagasse is a waste after sugar production. Bagasse can be
used as a fuel to generate electricity. It is well known that bagasse from sugar
production has a lot of accumulated moisture, reducing the heating efficiency. The
purpose of this study was to assess the steam generation efficiency from bagasse
moisture reduction using a belt dryer. The efficiency of the boiler was calculated by
using indirectly method. It saved that the fuel bagasse moisture was reduced from

51.3 % to 37.2 %, the boiler efficiency can be increased by 5.7 %.
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3 40% flue gas
T 250-450°C

> 60% hot water
| 90°C

w
heat source
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100 MW fresh dryer dried 40 MW
combustor biomass biomass combustor
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Dryer Type

Rotary Flash Belt
Evaporation Rate (t/h) 3-23 4.8-17 0.5-40
Drying Temperature (°C) 200-600 150-280 30-200
Capacity (t/h) 3-45 4.4-16 -
Feed Moisture at Inlet (%) 45-65 45-65 45-72
Moisture Discharge (%) 10-45 10-45 15-25
Feed Moisture at Outlet (%) - 12 25
Pressure Drop (kPa) 2.5-3.7 7.5 0.5
Optimal Particle Size (mm) 19-50 - -
Maximum Particle Size (mm) 2.5-125 0.5-50 -
Thermal Requirement (GJ/t-evaporation) 3.04.0 2728 1.26-2.6
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15 D4 25 meaumﬁﬂmnvl,wvl,muamq@mmmaoammmn*’nu@ mswm’tmmaugn
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“?Talummﬁﬂvlaﬁﬂ@ﬂ%w”@amﬂ'mw%amhugwgumaaamwm"lﬂﬁi'aqﬁa;juumﬂwm
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FanrsRasanlwmitdeniniosouunsuaasluasned 2

A9 2 TaAITNANTIN LNITLAaNLATAI LAY

Dryer Type
Rotary Flash Belt
Requires Small Particles none yes none
Heat Recovery difficult difficult easy
Fire Hazard high medium low
Air Emission medium high low
Steam Use yes none yes




2.4 wdnM3luN5I30NIA3DIULTIRUUENEWIL
Lﬂ'%iaaauLLUUmﬂwwuifuﬁmmmmmﬁa:saﬁwmmaa’i“aqvlﬁﬂmrmmwm@
LLa:mm@gﬁmmLéﬂa‘lumiﬁ@vlw&asl LLa:am’ﬁnm'S'a@ﬂ@Tazho@ial,ﬁaa L3090
u,uumﬂwmlmm’?ﬁ'ﬂﬁﬁmmﬂ@ﬂLaﬁya:ﬂaumﬂuﬁaﬂﬁ 60 Gueatalug 1iasan
Lﬂ'%iaaamwumsJW’mI@Uw‘davlﬂa:ﬁmﬂfmmeﬁﬁgwgﬂumiﬁnﬁm TEE R riN R REY
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2.5 nsvnUsyansn s wdieleti

msmiszansnwsssndaletimansadwmnmnle 2 5340 3Fuuuass (the input-
output method) Laz3Bluudau (heat loss method) mMwseEnsawueanselotineas
ARuuudon sxdnnuuing1IINNINIFULUaTI uay Mrdszansnmwaielatidanis
wudousiidadae enuiansafiiaannisiaaslivnldnansduiamilseinsnn
sasnslaloiiaswliann

2.5.1 SEmavnilszinswndatiouuuase

mmmﬁﬂmm"lﬁﬁnﬂLmﬁvgmaavl,aﬁw LLazSu‘vgmwnmm%“auﬁldm”w"l,ﬂmw

FUNAIT

Heat Output

x 100

UILENTNNRYATNLULATS =
Heat Input

_ Steam Flow Rate x (Steam Enthalpy - Feed Water Enthalpy) x 100

Fuel Firing Rate x Gross Calorific Value

(1-1)

2.5.2 s mamuszansmwndalethuuudaw
ﬂs:ﬁw%mwmmmm%”lmumﬁcﬂLLazﬁﬂmmm@hmigzyLﬁﬂﬂg\mmﬁﬁ@ifu
Tunsia'loin ﬂizﬁ‘ﬂ%m‘wvmﬁa"l,afzﬂmmmmvl@ﬂ@ﬂmsﬁﬂmmig@ﬁﬂﬂauaanmn
Uszansnwinuanitsdouesidud teldilsouiisdyesiiiaedefianaalunisia
aﬂ&iﬁﬂﬁﬂszﬁﬂ%mwLﬂﬁﬂuuﬂaaamaﬁﬁfﬂém”tyLLazﬁmsLmﬂmmsg@Lﬁﬂaaﬂa'mﬁ'u

AawTNITALY NIRRT ENTAWwEa et las T tuuudauNnaNT19ds An13aaa
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L% A ﬂqj =) 23 a v U

Taugyiioninue 7 n13fie 1) nemalelfouis 2) nsdaudsznavlalasiauves
LTaIWAY 3) NAMNTHVITAINES 4) NNAMNTUIEIBINA 5) N1INTTLHT Inaif lal
suyIol 6) Menikivanaalath 7) melidaes waz 8) Medidnduang asuaasluglf
5 anwTaugyiFvdiuniniivesndelaindainiguandfianizemdaloiiuas
anwiaugmFsmIBiddaimImsiieseilidinfiazidoe adslsfianunmigyiionisas

dy a v v Qs Qq: a v gd 1 va A Qq: dw
Hazdiavasszunayas 2 @N%%l%x‘]’]%']"i]&I%ﬁ]ﬂvl,llvl,@]ﬂ@]ﬂﬁit;(@}ﬁﬂﬂﬂﬁﬂﬂ%

Steam Output

Y

1. Dry Flue gas loss

22 [12)loss

3. Moisture in fuel

hC >4, Mbislurc in air
N ‘_.5.,‘C'0 loss

6. Surface loss

7. Fly ash loss

Fuel Input, 100% .
P ’ Boiler Flue gas sample

Air

8. Bottom ash loss

Blow down

U 5 laezunsuuaailassainsasnsguyidsanwuianluszuumialash

a & & & a A 1y a
nnsesdeddlznevastiotwds aanianlalunisiwnindarangue]
(stoichiometric)  &13130%1 l@@NENANTIUEIH

Adoe & o o ¥
2.5.2.1 a']ﬂ']ﬂ(ﬂ']NV]QHQV]QWLﬂuﬁqﬂifUﬂ"ﬁLN"leﬂﬂJ

[(11.6 x C) + {34.8x (H2-02/8)} + (435X S)]
100

(1-2)



2.5.2.2 % anmasIw ARl (EA) [8]

11

ﬂ?ﬂﬁﬂd?%Lﬁ%ﬁ"lﬂJ’]iﬂ%’]vLﬁ‘ﬂ’m ﬁllﬂ’]iﬂ’]im’lvl‘ﬁﬁﬂl 2ILTBLNEY F1RTLLTOLNES

& Aa ) | & & ~ o € A o '
wisnddudsznevdulngidulalasansueu dnawmnindauysainiafinawindla

suyroiioadntes lumafjiadaundsansemeasiwinldnnnmienziiele

LROWAIAINENANTN 1-3

%02 « 7900x[(CO2%)t—(CO2%) a
A=—"—— %X 100 n3o L )t ( ) a]
21 —%02 [(CO2%) a% x (100 — (CO2%) t)

%0, = USunaasaandianiia balundadu lath

(CO,,) , =tSanmmaaiuanladan loania laluniasulasi

2.5.2.3 MoAUakladan lwan1nged) (CO,) t

Moles of C
Moles of N2+ Moles of C

(COgy) t =

Wt.of N2 in theoretical air Wt.of N2 in fuel

Moles of N, =
2 Mol.wt.of N2 Mol.Wt.of N2
Wt.of C in fuel
Moles of C = MoLWtof C

2.5.2.4 INDINNAIII(AAS)

EA . .
AAS = [1 + 170] X theoretical air (kg of fuel)

(1-3)

(1-5)

(1-6)

(1-7)

2.5.2.5 mamaaﬁ”ﬁeﬁvl,al,ﬁmt.ﬁa = ma*‘uaoﬂﬁuauvl,@aaﬂvl,enﬁ +ma°11a<1m§‘1_|au

vaudianlaoe +uravaslulasianluidainds + vravaslulasiauluwarnadldlunnsien

1wl + 2avasaandiawluing lalfe
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o

o ] A A oo @ S Ao X
g@]iﬂﬂu’JMﬂ’lﬂ’liqmuLﬁﬂ‘ﬂl‘ﬁﬂﬂ%&lavlau’mmu

a A o a o
1) ﬂ']?glylﬁﬂluad‘?"ﬂﬂ?‘lﬂﬁﬂuﬁd L1
a A o a @ & a A a
ﬂ’]iﬁfyLaE]Lua\‘]"ﬂ’]ﬂﬂq‘ﬁvlﬂl’aﬂu%ﬂ L1 Lﬂ%ﬂqﬂqjigfyLaﬂﬂm’]ﬂq@’ﬂ’]ﬂﬂ’]iﬁjml,aﬂ

VTde@LLa:mminﬁmam"L@T@T’sygm@iavlﬂﬁ :

mxCpx (Tr+T,)
GCV of fuel

L1 = X 100

Toadi m = wsvasmalodausisluninefilaniy / Alansuvasiainas
= WAAAmMInM TN BN aLWA: CO, + SO, + N{Lm%al,wﬁa +
N, luansameaasefisns + o, lufelelde
C, = anufausunwiznasialaifulunian kCal / kg °C (ALadoiviniy
0.23) (Anonymous, 2012)
Ts
Ta

qm%nﬂﬁmaqﬁwﬂmﬁmﬂu e

aonndanmauaasauin °C
GCV = ﬂ%mmmwﬁ”auﬁ"lﬁmﬂmnmvlﬁﬁazmawgitﬂu 1 wihgdIuno
FaLNas
2) magauduiiasantalasiauludonds L2
maunlndadlalasaumldifadi BagmFoanuianldlugdussanuiouuds

Twlalatiuazanusawa g Lﬁalﬁﬁqmﬁn‘]mmﬁuﬁ"ﬁﬂmﬁﬂ

9 XHy X 584 + Cp(Tf—T,)

L2 = x 100
GCV of fuel

(1-10)

tﬂ. al L t-ﬂld 1 A’ a 1 al [-%3 dy a
lasf H, ﬂIammaa"laimwumaglumaLwamaﬂiamwaomal,wm

C,= anuiauinwizasslainsousiadsluniay kCal / kg °C (dLade
WYiNAL 0.45)
Tf

qmunﬂﬁmaaﬁwﬂmﬁmﬂu °C
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Ta = guwnpiiaameawiasauiu °C
584 = anNTauuiINzaandaInUANNaUYad et kCal / kg
GCV = ﬂ%mmm’]m?auﬁvlﬁmﬂmﬂmvlﬁﬁaﬂwaawyitﬂu 1 winuUSuo
\OLNA
3) magauduilasanaruduluidainds L3
d‘ n&/ a = dw 1o v U dl a &J o v =1 [
asnnlwdamdsfienaduazavegildanuioniiiadugnrlwgyieluny
v t&/ =) g’ =1 a 1 Qs 23 r=| a g o
nsbfanusussnadulevhuscfamngfivindufieleds mgyEsiaunsadiuim
VL@T@ngm@iaVl,ﬂﬁ

MX584+Cp(Tf—T,)
GCV of fuel

L3 =

X 100

(1-11)

4 3 3 A NS R
Tagnl M = auTwlwiTalnaIdanlanIuLiTawad
C, = anusaunduwzveslathiousiadluniag kCal/ kg °C (ALade
WiNNU 0.45)

a 2]

Tf = amwandvasfina laguLdn °C

9 U

Ta= anrniaMaLIAaaNtd® °C

9 U
584 = aNTALLNITBIN kCal / kg®
GeV = Yimnmanwiauldnnnmamn bnsfansauysallu 1 nioyTunm
\TOLWEY
4) nigyFmiasainarudulueinia L4
A = Afl’ 1o v v A a ,&’ a o 3 dql/ =
iinsnnluamaiianuduagnlianuiauniiadugydeldiunslianadud

@ ey

~a ' A A .f( o ¥ v ' gl’
pannihiufmalalie magyisitausadunlddgasdalli

AAS x humidity factor X C X (Tf — Tg )x 100
GCV of fuel

L4 =

(1-12)

Tgfl  AAS = w2n2898 MANIBaSIRan lansuLToIwas
Humidity factor (Humidity Ratio) ‘Vdi 30 °C, 50% RH = kg. "&1 ! kg. 2INNALRAY
(@1 0.0217)
C, = mwdauduwizvaslavoutnaisluniian kCal / kg °C (Fiads
YiNAL 0.45)
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a v

Tf = awndvasniolalReidn °C

q U
Ta = qm%gﬁumﬁamﬂu °C

GCV = ﬂ%mmm’m%@uﬁvlﬁmﬂmﬂmvlﬁﬁaﬂwaawyitﬂu 1 winuUSuo
\OLNA
a oA & &
5) mig@uamuaamnmmauwauan'lﬂm L5
yp.i 1 6 o v Aa 23 o v a = a
ﬂ']iLN’]VL%&J‘Y]VL&IﬁNHSmW]l%Lﬂ@m’]‘ﬁ co mlmﬂ@msgtymﬂwmmu 113D

fUWI TR bR A ﬂg@i@iavlﬂﬁ

%CO0 X CX5744

L5 = (% CO + % CO2)XGCV of fuel x 100

(1-13)
Toofi co = vSum co lumalaiie (%)

CO, = Y3unm CO, lumwlaiiy (%)

C = USumensuaukg. / kg. Yol TaINA

5744 = mm%”augnuuﬁﬁLﬁaaﬁnﬂmil,m"l,m""l,zjawyifﬁ

GCV = ﬂ%mmﬂ’smé”auﬁ"l@i”mﬂmimvlﬁﬁaahaauymﬂu 1 Wil

dql a
LDALNR

2.6 BNEITHATINUIVENNYIVD
apMAgITaInuaN TN I T IRa s et duiFainadluntnaa latinvasnala Lo
W laa 198N T8Il N 1IAAANUTUVAITIHE D LAUA LATDIDULRI LazlIzANTA W
Ya3naalain I@ﬂmmﬁuﬁamwaglmwéTaﬁﬁfuﬁﬂﬁﬂi:ﬁw%mwmawﬂa'laﬂﬁa@m
P a o = & A P o o &
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mﬂu%uﬁmmzawlumﬂfﬁ'uwﬂa"l,amﬁ?m:agjﬁﬂszmm%"aUa: 30 D4 40 WARINAA
AMNTUVBITIUEBURIAININTEUAE 30 azdilananaziian1sdalnla (Amos 1999)
LTI ULAILLUEIIWIWLTLI T waTa 00 ln1Taaa NN T WY aITIRa B Laun1TIR
mm%au"l,ﬂﬂ‘a*’mué"aﬂﬁ'ﬂﬁl,ﬁm::mwaaﬁ,ﬂumuﬁaﬁaaﬂmmaﬁwaﬁaqmnﬁaﬂ
A o o a o a o ' = o & & o v A
Lmaqau’l,vsmmznuﬁu@mmm@guﬂmmmﬂammmaqmmmmﬂ 9 laun sfauas
YUAYDIIHY AMNTAUT TN LT BNITRAAITN T LLa:mw%uﬁazauagﬂuﬁ'a@;ﬁﬁaami
AULAY LOEANHIASYDILATOIULAILA S TRABBAAINRINITD AT BLAN 1IN
aanli I@mﬂ%mauuﬁaLLUUI"ﬁamﬂ"ﬁfﬁqqﬁﬁmm@L§ﬂ uarnuTanazlwausaulaay

ludaumaam%aaauuﬁa LL1_|1_|n"’a%yuﬁfummmﬁa:ldi’aqvlﬁﬂam‘mm NN LLatﬁ
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mm%’ﬂumsamﬁamnﬁq@ LLa:a@mm%”umaai’aq"lﬁmnﬁqmﬁuﬁ'u Asotihartiuaias
auuAsuuutinyuiidlgaralunitentingsgs (Pinji-aksorn 2019) Tunsisoidanls
Lﬂ’%iaaamm”aLLmJmUW’luLﬁaamﬂmmsnﬁaﬂf&mﬁuf&qﬁﬁmm@LL@ﬂ@i’mrTu"l@T wazld
qm%gﬁﬁ@‘mumiauLLﬁdﬁﬂﬁﬁ@h’LfﬁhUi%ﬂ’]iﬁ]”@ﬂ’]iﬁas fanuFosdansialwuas
Lﬁ@mﬁﬁlﬁﬁaﬂﬂ’jﬂméaaaulunnmﬁ@ (Hanning Li, Qun Chen, Xiaohui Zhang, Karen N
Finney, Vida N Sharifi, Jim Swithenbank 2012)

msdwmdszansnwuesniie laihaansafiazl i imsdimnled 2 wuude wuy
N19059 UAZLULNISEoY Tasmsdsuiiazldnsdu muuuniedoy donswianny
gnyﬁsmaawé’ammﬂu?aﬂaz"lﬂﬁ'nauﬁuﬁwmu%’aﬂamﬁﬁa51 ToAVBINIIAIUI TALU L
nesaudamanuamanaeuiiiiedues lisinadonnulanaalumism mdingu 9
Alifdasnnin exmeanldlunsenlndmmasgdmnnldnngudsznansaimg
P09 TDINEY LR DRz YD IDMNATIWLAL (EA) Gﬁaﬁ']mmmﬂgm (0,%)/(21 - 0,%) lag
0, 1luaandandrwAunialaluisladouns uwazthegunndvasfielafvanlsidu
ﬁaga’l,umiﬁ’]mmmmmmquLﬁwamﬁavl,aﬁw (Nishant Singh, Bhanu Pratap, Bhanu
Pratap 2018), LLaz Mr. Sandip. V. Borate , Mr. P. S. Patil 2014) ﬂ’ﬁwmamadm’m%ﬂu
udesdalszaninnndaloinawiat1s dudatalas (Nishant Singh , Bhanu Pratap,
Bhanu Pratap 2018) lef51asne Wi szansnnvasnialasinfisesas 67.26 finudunas

a

TAIRDDETDHURS 50 IRELLYEAY Aarlatde 127 asantmaldas waz laltzansninuadvia

v

¥ Ao A & A A ) = ~ \
latinTauas 74.77 NauTwNIaLas 38 mqm%nﬂwmﬂamy 139 AIFLTRLDHE WL

a a v :/ tal ,&1 £ 4 g £ v
UszAnSnwaasnia o iudwsasas 7.51 1HaANUTW LTI LS 0RARITaNRT 12 LAY
qm%gﬁmaaﬁ”wﬂmﬁmﬁﬁu 12 89ANLTRLTUR NID Qmﬂﬁﬁﬁ”wéﬂmﬁua@m 18961

. ¥ SRR
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unii 3
N15ALHUNTT
3.1 JuABUNTINITY
3.1.1 Lﬁuiaggamaamua”amﬁamnﬁaumum%aamﬁma:mﬁmﬂmum%a

auwit lumdIanamaasdilszney wazenanufananmsn lniasdainds i
ﬁaya"lﬂlﬂumiﬁwmmﬂ‘szﬁﬂﬁmwmamﬁ’a"laﬁ'] HAM TR TS D8 fin U u T
8r 37.18 "L@Tﬂ%mmﬁw;aaﬁﬂszﬂau@”oﬁ ANTUAUIBURT 30.50 BONTLAWTBUAT 22.72
lalasiausonas 7.9 Tulasiausasas 0.14 AuzauIBuas 0.02 LENTHAY 1.54 LAzAIAINY
foulumsinndvoadonsefi 2870 Alaunsasdenlansuasugasluansef 3 uasd
ANUTUI0LA: 50.30 lddSanmmaesddazney uazdranuianannawn lmivildld
ﬂ%mmm@;a@ﬁﬂizﬂam‘”@ﬁ ATUBUIBNAY 23.40 8aNTLAauTaLas 15.10 lalaslausasas
8.6 lulaslausosas 0.11 MNAUTBLUAZ 0.01 LENTBLAT 1.53 LAZAIANNTEWIUATLHN

TnsuadBainasn 2192 Alauaaaddanlansualaadlua1snan 4

a a 6 ' ¥ v & a A & o
HITNN 3 ﬂi&lﬁmt"](ﬂadﬂﬂizﬂaﬂLLazﬂﬂﬂ’]']lliauLN']vlﬂﬁﬂlﬂGLﬁ@LWﬂGV]ﬂ’J”l&I"ﬁ%iaElﬂ$

37.18
Fuel specifications of Bagasse (in %)
Carbon 30.50% Hydrogen 7.9%
Oxygen 22.72% Nitrogen 0.14%
Sulfur 0.02% Moisture 37.18%
Ash 1.54 % GCV 2879 kcal/kg

a a 6 ' v v A’l’ A A & ¥
#1519 4 ﬂsmmm@gaaﬂﬂizﬂauLLa:mm’]mauLmvlﬁwaammwaa‘nmm"nmaUaz

51.30

Fuel specifications of Bagasse (in %)

Carbon 23.40% Hydrogen 8.6%
Oxygen 15.10% Nitrogen 0.11%
Sulfur 0.01% Moisture 51.30%

Ash 1.53 % GCV 2192 kcallkg
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3.1.5 MUIUAIFUQININ LLazau@;awaomumamua"l,amﬁm@mumnmﬂﬁ
D aLWAITIWE DU N MUSNN DRI LA 51.30 LAY 37.18
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Hot Hot
Dry Air Exhaust | Exhaust | Exhaust | Exhaust | Exhaust | Exhaust
Wet |water| water Dryer Outlet
From| To |product ambient fan 1 fan 2 fan 3 fan 1 fan 2 fan 2
# product | inlet | return temp. moisture
time | time |capacity temp. temp. temp. temp. | speed | speed | speed
capacity [temp.| temp. [°C] [%]
[ton/hr] [°C] [°C] [°C] [°C] [%] [%] [%]

[ton/hr] | [°C] | [°C]
1 (11:00{11:14| 56.1 60 91.7| 67.0 336 | 828 | 416 46.1 42.6 85.7 64.4 65.1 37.4
2 [11:15(11:29| 58.6 60 |100.2| 73.7 339 | 919 | 451 50.0 46.5 85.5 62.3 62.6 35.9
3 |11:30(11:44| 40.3 60 |102.4| 76.6 343 | 947 | 478 53.0 50.0 85.8 54.4 54.3 34.9
3 [11:45[11:59| 28.3 60 96.4 | 75.3 345 | 93.8 | 53.7 57.7 55.2 83.7 58.2 57.9 31.9
4 |12:00({12:14| 60.4 60 81.5| 61.5 345 | 75.8 | 403 43.6 40.5 81.1 59.1 58.8 37.3
5 [12:1512:29| 60.2 60 |100.2| 73.7 348 | 911 44.9 48.8 43.9 81.0 59.2 59.5 37.1
6 [12:30(12:44| 36.2 60 |103.9| 76.8 355 | 96.7 | 49.0 53.5 47.7 80.7 63.1 62.7 371
7 [12:45(12:59| 60.1 60 |[106.0| 73.1 351 96.5 | 44.5 48.2 43.7 81.1 81.4 81.6 35.9
8 |14:15[14:29| 55.3 60 914 | 67.6 358 | 83.7 | 423 46.3 40.6 80.9 73.0 73.2 35.6
9 |14:30(14:44| 54.9 60 97.0| 71.7 35.8 | 88.4 | 43.7 48.8 42.4 80.9 64.4 64.5 34.6
10(14:45(14:59| 51.9 60 |103.0| 76.9 36.3 | 95.1 47.6 52.8 46.8 81.1 61.4 61.1 32.3
11]15:00({15:14| 55.9 60 |108.0| 81.5 36.0 | 99.9 | 45.7 51.3 49.4 81.1 55.2 54.7 35.0
12(15:15(15:29| 59.9 60 ([111.2| 81.1 36.2 |102.3| 46.9 52.3 45.4 81.2 67.3 67.3 38.1
13(15:30({15:44| 55.7 60 |111.0] 73.3 36.4 |100.0| 454 50.0 44 .2 94.9 941 941 36.2
14 115:45(15:59| 55.7 60 |112.0| 72.8 36.1 |100.0| 46.7 51.5 46.9 95.7 97.5 97.4 38.0
15|16:00({16:14| 59.7 60 |111.8| 72.7 358 | 99.9 | 43.0 45.6 43.8 95.6 98.8 98.7 36.5
16(16:15(16:29| 51.7 60 |111.9] 73.5 35.7 |100.2| 46.5 49.7 46.4 95.6 95.7 95.5 33.2
17 116:30{16:44| 59.5 60 |112.2| 74.3 356 |101.0| 46.5 50.4 46.2 95.6 92.2 92.1 33.2
18 |16:45(16:59| 51.7 60 |112.5| 755 35,5 |101.7| 48.6 52.9 44.9 95.5 85.8 85.6 33.9
19(17:00({17:14| 59.6 60 |111.7| 76.6 35.2 |102.0| 471 54.7 44.3 95.5 80.1 80.1 33.0
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S
Flue gas temperature | 150.4 °C
Steam Pressure 97.6 bars % CO, in fuel gas 1.9 %
Steam Temperature 4925 °C % CO in fuel gas 0.0369 %
Relative Humidity 60 % % O, 9.1 %
Water inlet temperature 169 °C Ambient temperature | 40 °C

Fuel specifications of Bagasse (in %)

Carbon 30.530% Hydrogen 3.706%
Oxygen 26.887% Nitrogen 0.145%
Sulfur 0.189% Moisture 37.18%
Ash 1.55 % GCV 2879 kcallkg

3.4 miﬁﬂmmmﬂ'ﬂm’mgjzyLﬁsmlawﬁa‘laﬁﬂmmmm‘lﬁﬁﬂﬁ

% Heat loss in dry flue gas (L1) = (m x Cp x (TT,)) / (GCV of fuel) x100 %
= {[6.742 x 0.23 x (150.4 — 40)] / 2879} x 100
=595 %

% Heat loss H2 in fuel (L2) = (9xH,x (584+Cp (T+T,))) (GCV of fuel) x100 %
= {[9 x 0.037 x (584 + 0.45(150.4 — 40))] / 2879} x 100
=734 %

% Heat loss moisture in fuel (L3) = (Mx (584+Cp (Tf-Ta)))/ (GCV of fuel) x100 %
= {[0.3718 x (584 + 0.45(150.4 — 40))] /2879} x 100
=819 %

% Heat loss moisture in air (L4) = (AAS x humidity factor x Cp x (Tf-Ta))/ (GCV of
fuel) x 100 %
= [6.463 x 0.0286 x 0.45 (150.4 — 40) /2879] x 100
=0.32 %

% Heat loss partial conversion of C to CO (L5) = (%CO xC x5744)/ ((% CO + % CO2)
x GCV of fuel) x 100 %
= [0.0369 x 0.305 x 5744 / (0.0369 + 11.9) x 2879)] x
100
=019 %
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Uszansawnaalatin = 100 - (5.95+7.34+8.19+0.32+0.19) =78.01 %
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% Heat loss in dry flue gas (L1) = (m x Cp x (T¢T,)) / (GCV of fuel) x100 %
= {[6.748 x0.23 x (136.4 — 40)] / 2866} x 100
=522 %
% Heat loss H2 in fuel (L2) = (9xH,x (584+Cp (TT,))) (GCV of fuel) x100 %
= {[9 x 0.037 x (584 + 0.45(136.4 — 40))] / 2866} x 100
=7.39 %
% Heat loss moisture in fuel (L3) = (Mx (584+Cp (T+T,))) (GCV of fuel) x100 %
= {[0.671 x (584 + 0.45(136.4 — 40))] /2866} x 100

=14.67 %

% Heat loss moisture in air (L4) = (AAS x humidity factor x Cp x (Tf-Ta))/ (GCV of fuel)
x100 %
=[6.470 x 0.0286 x 0.45(136.4 — 40) /2866] x 100
=0.28 %

% Heat loss partial conversion of C to CO (L5) = (%CO xC x5744)/ ((% CO + % CO2)
x GCV of fuel) x100 %
= [0.0369 x 0.305 x 5744 / (0.0369 + 11.9) x 2866)] x
100
=019 %
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% Heat loss in dry flue gas (L1) = (m x Cp x (T¢T,)) / (GCV of fuel) x100 %
= {[6.748 x0.23 x (129.4 — 40)] / 2866} x 100

= 4.85 %
% Heat loss H2 in fuel (L2) = (9xH,x (584+Cp (TrT.))) (GCV of fuel) x100 %
= [9 x 0.0370 x (584 + 0.45(129.4 — 40))] / 2866 x 100
=7.36 %

% Heat loss moisture in fuel (L3) = (Mx (584+Cp (T+T,)))/ (GCV of fuel) x100 %
= [0.671 x (584 + 0.45(129.4 — 40))] /2866 x 100

=14.62 %

% Heat loss moisture in air (L4) = (AAS x humidity factor x Cp x (Tf-Ta))/ (GCV of fuel)
x100 %
= [6.470 x 0.0286 x 0.45(129.4 — 40) /2866] x 100
=0.26 %

% Heat loss partial conversion of C to CO (L5) = (%CO xC x5744)/ ((% CO + % CO2)
xGCV of fuel) x100 %
= [0.0369 x 0.305 x 5744 / (0.0369 + 11.9) x 2866)] x
100
=0.19 %
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% Heat loss in dry flue gas (L1) = (m x Cp x (T¢T,)) / (GCV of fuel) x100 %
= {[6.748 x0.23 x (143.4 — 40)] / 2866} x 100
= 5.56 %

% Heat loss H2 in fuel (L2) = (9xH2x (584+Cp (T T,))) (GCV of fuel) x100 %
=[9 x 0.370 x (584 + 0.45(143.4 — 40))] / 2866 x 100
=743 %

% Heat loss moisture in fuel (L3) = (Mx (584+Cp (T+T,))) (GCV of fuel) x100 %
= [0.671 x (584 + 0.45(143.4 — 40))] /2866 x 100
=14.77%

% Heat loss moisture in air (L4) = (AAS x humidity factor x Cp x (Tf-Ta))/ (GCV of fuel)
x100 %
=[6.470 x 0.0286 x 0.45(143.4 — 40) /2866] x 100
=0.31 %

% Heat loss partial conversion of C to CO (L5) = (%CO xC x5744)/ ((% CO + % CO2)
xGCV of fuel) x100 %
= [0.0369 x 0.305 x 5744 / (0.0369 + 11.9) x 2866)] x
100
=019 %
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70 27,500

—@— Dry product
capacity [ton/hr]

60 Pa— 24,000
\.—"/"’—" Set value dry

- aner product capacity
50 20,500

-’ ! [ton/hr]

—&— Sampling moisture

a0 __.ﬂ\__. 17,000 outlet [%]

Set value moisture
30 13,500 : outlet [%]

Water evaporation
20 10,000 kg/hr]

Water evaporation [kg/hr]

Praduct eapacity [Trm,."hr]_ Maistiire [”;ﬁ]

Set value water
evaporation
[kg/hr]

10 6,500

0 3,000
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Dryer To Moisture
Wet product Dry product ) > 5285 kW
50 tonshrs. 53,59 tons/hrs. Heat from
D hot water o Bagasse
ryer —
! . 6449 kKW 342 kW
y Water Evaporation )
i 055es
6.41 tonfhrs. N
822kW
Bagasse moisture Bagasse moisture
from 48.4% to 40.9% from 48.4% to 40.9 %
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Heat Loss due to Symbol Flue gas Temperature, °C

129.4 143.4 136.4
Dry flue gas, % L1 4.84 5.60 5.23
Hydrogen in fuel, % L2 7.36 7.43 7.40
Moisture in fuel, % L3 14.62 14.77 11.23
Moisture in air, % L4 0.26 0.31 0.29
Incomplete Combustion, % LS 0.19 0.19 0.19
Total losses, %; kCal 27.27 28.30 24.34
Gross Calorific Value, kCal/1.3 kg GCV 2865 2865
fuel 2865
Boiler Efficiency, % M 72.73 71.70 72.25
Difference, % 0.48 -0.55
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Q, - USinmanuTausasintat kw
Qn, = USImANNTanuTIA DY KW
Q, = YSunmanuTawuaITIHan e kW
m = AB1AVDITFY kg

C, = A1ANNINNNTDUTUNIZVDIIRG kw/kg.K
hig = A1ANTDULHIV8IIEY kwikg

T, = qmwnﬂﬁﬁ'wﬁumaﬁaq °C

T = gounndgarinsvasiag °c

Too = gandonnidaan °C

Toi = qmﬂgﬁmuﬁamﬁluﬁu °C

Tos = gumpilTndagaying °C
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Heat from hot water

Q, =m x C, (To-Ti)
= 138390 x 4.194x(95-55)/3600
= 6449 kW
Heat to moisture
Qn, =m X (hg + C, (Tao-Tpi)
= 7546 x (2400+ 2.0267x(95-35)/3600
= 5285 kW

Heat to bagasse

Q, =m x C, X (Tys- Ty)
= 52440x2.35x(45-35)/3600
= 342 kW

Losses

Q. =Qy-Qn-Q

= 6449 — 5285 — 342
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= 822 kW

miﬁ’lmmﬁmﬂﬁhummm]’aL%?aLwﬁommqwﬁ (&lad%laLua3n) wazenNAEInLAY
289ANNTUT 37.18 1Waidud
Theoretical air requirement =[(11.6 x C) + {34.8 x (H2 — O2/8)} + (4.35 x S)] /100 kg/kg
of fuel
= [(11.6 x 30.53) + {34.8 x (3.71 — 26.89/8)} +
(4.35 x 0.019)] /100
= 3.663 kg/kg of fuel
Moles of N2 = [Wt of N2 in theoretical air / Mol.wt of N2] +
[Wt of N2 in fuel / Mol.Wt of N2]
= [(3.66 x 77/100) / 28] + [0.000188/ 28]

=0.101
Moles of C = Wt of C in fuel / Molecular Wt of C
=0.3053 /12
= 0.025
%CO2 at theoretical condition = Moles of C / Moles of N2 + Moles of C
(%C0O2) t = 0.0254/ (0.1007+ 0.0254)
= 20.165 %
% Excess air supplied (EA) = %02 x 100 / 21 - %02
=9.1x100/21-91
= 76.47 %
Actual mass of air supplied = [1+ EA/100] x Theoretical air

= [1+76.47/100] x 3.66
= 6.46 kg/kg of fuel
Mass of dry flue gas = Mass of C + Mass of N2 content in fuel + Mass of
N2 combustion air supplied + Mass of O in flue gas
= (0.3053 x 44 /12) + 0.001445+ (6.463 x 77/100)
+ (6.463 - 3.662) x23/100
= 6.741 kg/kg of fuel
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Theoretical air requirement

Moles of N2

Moles of C

%CO2 at theoretical condition

(%CO2) t

% Excess air supplied (EA)

Actual mass of air supplied

Mass of dry flue gas

[(11.6 x C) + {34.8 x (H2 — O2/8)} + (4.35 x S)] /100
kg/kg of fuel
[(11.6 x 30.530) + {34.8 x (3.753 —
27.159/8)} + (4.35 x 0.0127)] /100
3.66 kg/kg of fuel
[Wt of N2 in theoretical air / Mol.wt of N2] + [Wt of N2
in fuel / Mol.Wt of N2]
[(3.666 x 77/100) / 28] + [0.000127/ 28]
0.101
Wt of C in fuel / Molecular Wt of C
0.3053/ 12
0.0254
Moles of C / Moles of N2 + Moles of C
0.0254/ (0.1008 + 0.02544)
20.147 %
%02 x 100 / 21 - %02
9.1x100/21-9.1
76.47 %
[1+ EA/100] x Theoretical air
[1+76.47/100] x 3.66
6.475 kg/kg of fuel
Mass of C + Mass of N2 content in fuel + Mass of N2
combustion air supplied + Mass of O in flue gas
(0.3055 x44 /12) + 0.001464+
(6.4751 x77/100) + (6.4751 — 3.6666)
x 23/100
6.748 kg/kg of fuel
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